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PREFACE. 


The  aim  in  writing  this  book  has  been  to  give  a  brief  course  in  the 
calculation  of  the  stresses  in  bridge  trusses  followed  by  a  systematic 
discussion  of  the  details  and  the  design  of  highway  bridges.  This 
book  is  supplementary  to  the  author's  "  The  Design  of  Steel  Mill 
Buildings,"  and  covers  the  essential  part  of  a  first  course  in  bridge 
design  as  given  in  the  author's  classes. 

While  there  are  many  excellent  books  in  which  the  different  types 
of  railway  bridges  are  discussed  in  detail,  little  attention  has  hereto- 
fore been  given  to  the  design  of  highway  bridges.  As  a  consequence 
of  this  neglect  many  of  our  highway  bridges  have  been  very  badly 
designed;  the  design  of  these  structures  being  ordinarily  left  to  an 
engineer  without  experience,  or  to  the  agent  of  some  bridge  company 
who  is  more  interested  in  the  resulting  profits  than  in  obtaining  a  good 
design.  The  calculations  of  the  stresses  in  highway  and  railway 
bridges  are  similar,  but  the  problems  in  the  design  of  the  two  types 
are  very  different,  due  to  the  different  requirements  and  conditions. 

In  the  course  in  the  calculation  of  stresses  both  the  algebraic  and 
the  graphic  methods  of  calculating  stresses  in  bridge  trusses  are 
described  in  detail.  Wlyle  there  has  been  some  duplication,  in  order 
to  make  the  book  self-contained,  the  calculation  of  stresses  in  this 
book  is  supplementary  to  the  calculation  of  stresses  in  the  author's 
"  The  Design  of  Steel  Mill  Buildings." 

Attention  is  called  to  the  problems  in  the  calculation  of  stresses 
in  bridge  trusses,  as  given  in  Chapter  IX.  It  is  hoped  that  the  24 
problems  given,  20  of  which  are  new,  will  prove  as  useful  as  the  list 
of  22  similar  problems  given  in  the  author's  "  The  Design  of  Steel  Mill 
Buildings." 

Before  taking  up  the  design  of  bridges  the  author  has  had  his 
students  calculate  the  weight,  cost  and  efficiencies  of  the  parts  of  a 
highway  bridge  as  given  in  Part  III.  This  problem  makes  them 
familiar  with  drawings,  details  and  handbooks;  and  has  made  it  pos- 
sible to  take  up  the  design  of  bridges  without  further  assistance.     For 


VI  PREFACE. 

the  details  of  the  design  of  any  part 'of  a  truss  highway  bridge  the 
reader  is,  therefore,  referred  to  Part  III,  the  problems' of  investigation 
and  design  being  essentially  the  same. 

In  the  discussion  of  the  design  and  details  of  highway  bridges  the 
author  has  been  guided  very  largely  by  his  knowledge  of  the  needs  of 
those  interested  in  this  subject,  gained  by  an  experience  in  designing 
and  contracting  for  highway  bridges  in  a  dozen  states. 

The  problem  of  the  design  of  a  highway  bridge  includes  the  design 
of  both  the  superstructure  and  the  substructure — ^all  other  books  on 
bridges  known  to  the  author  treat  of  the  superstructure  only ;  and  in 
this  book  due  attention  has  been  given  to  the  design  of  both  super- 
structure and  substructure,  and  to  the  effect  of  the  design  of  the  one 
on  the  other. 

In  many  locations  masonry — stone,  concrete  or  reinforced  con- 
crete— bridges  are  especially  suited  to  the  conditions.  The  design  of 
these  structures  has  been  discussed  as  fully  as  the  limited  space 
permitted. 

Cost  data  are  especially  vj^luable  to  the  student  in  the  design  of 
structures,  as  they  show  the  effect  of  the  different  details  of  design 
on  the  cost,  and  lead  to  economic  designs.  The  author  has  discussed 
in  detail  the  costs  of  the  different  parts  of  highway  bridges.  These 
costs  are  of  value  principally  to  the  student  and  to  the  experienced 
engineer  who  is  familiar  with  the  conditions  of  the  particular  piece 
of  work. 

The  author  is  under  obligations  to  many  sources  to  which  due 

credit  has  been  given  in  the  body  of  the  work.     The  author  is  also 

under  obligations  to  many  engineers  and  bridge  companies  for  plans 

and  data ;  he  especially  wishes  to  thank  the  Boston  Bridge  Works ; 

the  American  Bridge  Company;  the  King  Bridge  Company;  Mr.  H.  A. 

Fitch,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Kansas  City  Structural 

Company;  Mr.  Alex.  Maitland,  M.  Am.  Soc.  C.  E.,  Chief  Engineer, 

Kansas  City  Bridge  Company;  and  Mr.  F.  H.  Honens,  M.  Am.  Soc. 

C.  E.     Credit  is  due  Professor  Howard  C.  Ford,  Iowa  State  College, 

formerly  Instructor  in  Civil  Engineering  in  the  University  of  Colorado, 

for  assistance  in  preparing  the  drawings. 

M.  S.  K. 
University  of  Colorado, 
Boulder,  Corx). 

August  23,  1908. 
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THE  DESIGN  OF  HIGHWAY  BRIDGES. 


PART  I. 


STRESSES    IN    STEEL   BRIDGES. 


CHAPTER  I. 

Types  of  Bridges. 

Introduction. — A  truss  is  a  framework  composed  of  individual 
members  so  fastened  together  that  loads  applied  at  the  joints  produce 
only  direct  tension  or  compression.  The  triangle  is  the  only  geo- 
metrical figure  in  which  the  form  is  changed  only  by  changing  the 
lengths  of  the  sides.  In  its  simplest  form  every  truss  is  a  triangle  or 
a  combination  of  triangles.  The  members  of  the  truss  are  either 
fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets, 
riveted. 

The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
the  floor  and  the  load ;  two  horizontal  trusses  in  the  planes  of  the 
top  and  bottom  chords,  respectively,  which  carry  the  horizontal  wind 
load  along  the  bridge ;  and  cross-bracing  in  the  plane  of  the  end-posts, 
called  portals,  and  in  the  plane  of  the  intermediate  posts,  called  sway 
bracing.  The  floor  is  carried  on  joists  placed  parallel  to  the  length 
of  the  bridge,  and  which  are  supported  in  turn  by  the  floorbeams. 
The  names  of  the  different  parts  of  the  bridge  are  shown  in  Fig.  i. 
The  main  ties,  hip  verticals,  counters  and  intermediate  posts  are 
together  called  webs.  The  bridge  shown  in  Fig.  i  is  a  through  pin- 
connected  bridge  of  the  Pratt  type,  the  traf!ic  passing  through  the 
bridge.  The  bridge  shown  in  Fig.  i  has  square  abutments ;  the  abut- 
ments are  not  at  right  angles  to  the  center  line  of  the  bridge  in  a 

2  1 


TYPES    OF    BRIDGES. 


**  skew  "  bridge.     Short  span  highway  and  railway  bridges  have  low 
trusses  and  no  top  lateral  system  nor  portals.     In  a  railway  bridge  the 
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Fig.  I.    Diagrammatic  Sketch  of  a  Through  Pratt  Truss  Highway  Bridge. 
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-Floor  beam 
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Fig.  2.    Plan  of  a  Low  or  "  Pony  "  Truss  Highway  Bridge. 

track  and  ties  are  supported  on  stringers,  which  replace  the  joists  in 
Fig.  I. 


LOW   TRUSS   BRIDGES. 


Fic.  3.    A  Warren  Low  Truss  Highway  Bridge, 


Fig.  4.    A  Pratt  Low  Truss  Highway  Bridge;  Seven  ioo-ft.  Spans, 


TYPES    OF    BRIDGES. 


A  low  truss  highway  bridge  of  the  Warren  type  is  shown  in  Fig  2, 
and  a  cut  of  a  similar  bridge  is  shown  in  Fig,  3.  The  trusses  are  built 
up  of  angles  riveted  together  by  means  of  connection  plates.     Bridgesof 
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Floor  Plan. 
Fig.  5.    Deck  Pratt  Pin-connected  Highway  Bkidgb. 


Fig.  6.    Deck  Highway  Bridge. 


SHORT  SPAN    HIGHWAY  BRIDGES,  5 

this  type  are  built  with  spans  of  from  30  to  75  feet.  Low  truss  bridges 
are  also  made  with  pin-connected  joints.  A  pin-connected  low  Pratt 
truss  bridge  is  shown  in  Fig.  4, 

The  loads  are  sometimes  carried  on  the  top  chord  as  in  Fig.  5,  which 
is  a  highway  bridge  built  for  the  U.  S.  Government  in  the  Yellowstone 
Park.  In  this  truss  the  end-posts,  top  chords  and  intermediate  posts 
are  composed  of  2  channels  laced ;  while  the  lower  chords,  hip  verticals, 
main  ties  and  counters  are  composed  of  eye-bars.  The  floorbeams  are 
I  beams  15  inches  deep  weighing  50  lbs.  per  Hneal  foot  (i5"I@5olbs.), 
while  the  joists  are  7"  Is  and  f  [s.  A  deck  highway  bridge  is  shown 
in  Fig.  6. 

T3rpes  of  Trusses  and  Bridges. — ^The  simplest  type  of  bridge  is  the 
beam  bridge,  (a)  Fig.  7.  Beam  bridges  commonly  consist  of  I  beams 
which  span  the  opening,  and  are  placed  near  enough  together  to  carry 


(a)  Beam  Bridge. 
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(b)  Beam  L  eqBn'dge.      (e)  LowPmff  Truss.  Half  Hip. 
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(c)  Truss  Leg  Bridge.  (f)  Low  Praff  Truss.  Full  Slope. 

Fig.  7.    Types  of  Short  Span  Highway  Bridges. 


TYPES    OF    BRIDGES. 


the  floor  of  the  bridge.     Where  foundations  are  relatively  expensive 
the 'beams  may  be  carried  on  posts  as  in  {b)  Fig.  7.     A  truss  leg  bridge 


Fic.  8.    Through  Warren  Truss, 


Fig.  9.    Thkol'gh  Pratt  Truss. 

is  shown  in  (c)  Fig.  7.     Types  (b)  and  (c)  unless  constructed  with 
great  care  make  inferior  structures  and  are  not  to  be  recommended. 


Fra    10.    Through  Riv 


)  Pratt  Truss,   11 
Mississippi  Can. 


,  Over  Illinois  j 


A  Warren  truss  is  a  combination  of  isosceles  triangles  as  shown  in  (d) 
Fig,  7  and  in  Fig.  8.     The  Pratt  truss  has  its  vertical  web  members  in 


TYPES  OF  TRUSSES. 


compression  while  its  diagonal  web  members  are  in  tension,  as  shown 
in  {e)  and  (/)  Fig.  7  and  in  Figs.  9  and  10.     The  Warren  truss  is 
commonly  built  with  riveted  joints  while  the  Pratt  truss  is  usually  built  ^ 
with  pin-connected  joints.     The  Warren  low  truss  with  riveted  joints 


Fig.  II.    Through  Howe  Truss. 

as  shown  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss 
in  either  (e)  or  (/)  Fig.  7.  The  Howe  truss  has  its  vertical  web  mem- 
bers in  tension,  and  its  inclined  web  members  in  compression  as  shown 
in  Fig.  II.  The  upper  and  lower  chords  and  the  inclined  members  of 
a  Howe  truss  are  commonly  made  of  timber,  while  the  vertical  tension 
members  are  iron  or  steel  rods. 


Fig.  12.    Whipple  Truss 


Fig.  13.    Quadrangular  Warren  Truss. 

The  Whipple  truss,  Fig.  12,  is  a  double  intersection  Pratt  truss. 
This  truss  was  designed  to  give  short  panels  in  long  spans  which  have  v 
a  considerable  depth.  The  stresses  in  the  Whipple  truss  are  indeter- 
minate for  moving  loads,  and  its  use  has  been  practically  abandoned, 
the  Baltimore  truss,  Fig.  17,  being  used  in  its  place.  The  quadrangular 
Warren  truss,  Fig.  13  and  Fig.  14,  with  riveted  joints,  is  used  as  a 
standard  truss  for  through  highway  bridges,  with  spans  of  from  80  ^ 
to  170  feet,  by  the  American  Bridge  Company.  Like  the  Whipple  truss 
its  stresses  are  indeterminate  for  moving  loads. 


TYPES    OF    BRIDGES. 


For  spans  of  from,  say,  170  to  240  feet  it  is  quite  common  to  use 
pin-connected  trusses  of  the  Pratt  type  having  incHnecl  chords  as  in 


Fig.  14.    Through  Riveted  Quadkanoular  Warren  Truss,  Built  by  Boston 


Bridge  Works. 


,zS^^^ 


Fig.  15,    Inclined  Pratt  or  Camels-back  Truss. 


Fig.  I?.    Baltimore  Truss. 


Fig.  18.    Petit  Truss, 

Fig.  IS  and  Fig.  16.     Where  the  truss  has  an  even  number  of  panels 
the  author  has  subdivided  the  center  panel  as  shown  in  Fig.  20. 

The  Baltimore  truss.  Fig.  17,  is  a  Pratt  truss  with  parallel  chords 


PARKER  TRUSS   IIICIIW 
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in  which  the  main  panels  have  been  subdivided  by  an  auxiliary  frame- 
work. The  auxihary  framework  may  have  struts  as  in  Fig.  17,  or 
ties  as  in  Fig.  18.     Tlie  Baltimore  truss  with  inchned  upper  chords, 


Fia  20.    JIoDinED  Camels-back  Truss, 


Fic.  21.  Plate  Girder  Highway  Bhidce,  Bli 


;  Bhidge  Company. 


Fig,  18,  is  called  a  Petit  truss.  A  modified  form  of  the  Petit  truss 
that  is  sometimes  used,  is  shown  in  Fig.  19.  The  stresses  in  Baltimore 
and  Petit  trusses  are  statically  determinate  for  all  conditions  of  loading. 
These  trusses  are  economical  in  construction  and  satisfactory  in  ser- 


BEAMS  AND   PLATE   GIRDERS. 
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vice,  and  have  almost  entirely  replaced  the  Whipple  truss  for  long  span » 
bridges. 

The  types  of  simple  bridge  trusses  described  above  are  those  that 
are  in  the  most  common  use,  although  quite  a  number  of  other  types 
of  trusses  have  been  used  and  abandoned. 


Fig.  22.    Swing  Bridge,  Center  Bearing. 


Fig.  23.    Swing  Bridge,  Turntable  Bearing. 

Croii  Sinter'       Tov^rSpan        Intermedhft  3pon      7iwer5pan        Civst  SirderT^ 

\   \   \   \   \   \   \   \   \  \   \    \   \   \  \   \  w 


Trestle  dent 

(d) 


Fig.  24.    Railway  Steel  Trestle. 

BEAMS  AND  PLATE  GIRDERS.— For  spans  of,  say,  30  feet 
and  under  rolled  beams  are  often  used  to  carry  the  roadway,  while 
for  spans  from  about  30  to  100  feet  plate  girders  are  used.  When  the 
roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck 
plate  girder  bridge,  and  when  the  roadway  passes  between  the  girders, 
the  bridge  is  called  a  through  plate  girder  bridge  as  in  Fig.  21. 
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SWING  BRIDGES.— Swing  bridges  may  be  made  of  plate  girders 
or  tnisses,  and  may  turn  on  a  center  pivot  as  in  Fig.  22,  or  on  a  turn- 
table supported  on  a  drum  as  in  Fig.  23.  The  center  pivot  swing  bridge 
has  two  spans  continuous  over  the  pivot  support,  while  the  turntable 
swing  bridge  has  three  spans  ordinarily  continuous  over  the  two  turn- 
table supports.  When  the  swing  bridge  is  open  each  arm  acts  as  a 
simple  cantilever  span. 

STEEL  TRESTLES.— Steel  trestles  are  used  for  carrying  the 
roadway  at  a  considerable  distance  above  the  ground.  Fig.  24.  The 
tower  and  intermediate  spans  are  commonly  built  of  plate  girders, 
whether  the  trestle  carries  a  railroad  or  a  highway  roadway.  The 
towers  consist  of  two  trestle  bents  as  in  (a)  or  (t/),  braced  together  by 
longitudinal  bracing  as  in  (ft)  or  (c)  Fig.  24.  Bracing  as  in  (a)  and 
(b)  is  used  with  either  adjustable  or  rigid  diagonal  members,  while 
bracing  (c)  and  (d)  is  used  only  for  rigid  members. 


Fic.  2S-    Clariton- Clifton  Two-hinged  Arch  Highway  Bkidge  Over  Niagara 
River. 

STEEL  ARCHES.— Steel  arch  bridges  are  made  (i)  with  three 
hinges,  (2)  with  two  hinges,  and  (3)  without  hinges,  and  may  have 
solid  webs,  or  spandrel  or  open  webs.  A  two-hinged  highway  arch  is 
shown  in  Fig.  25. 


CANTILEVER    HIGHWAY    BRllX^ES. 


Fic,  26.    Cantilever  Highway  Bridge. 


Fio.  27.    Suspension  Highway  Bridge  Over  Niagara  Rivep  at 
Ontabio. 

CANTILEVER  BRIDGES.— A  cantilever  bridge  consists  of  two 
anchor  spans,  which  support  a  suspended  or  channel  span.  The  shore 
ends  of  tlie  anchor  spans  are  anchored  to  the  shore  pier  and  are  sup- 
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ported  on  the  river  pier.     A  cantilever  highway  bridge  is  shown  in 
Fig.  26. 

SUSPENSION  BRIDGES.— In  a  suspension  bridge  the  roadway 
is  supported  by  hangers  attached  to  the  main  cables.  Stiffening  trusses 
are  placed  above  the  plane  of  the  roadway  to  assist  in  distributing  the 
live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  struc- 
ture. The  suspension  highway  bridge  over  the  Niagara  River  at 
Queenstown,  Ont.,  is  shown  in  Fig.  27. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be 
considered  in  this  book. 


CHAPTER   II. 

Loads  and  Weights  of  Highway  Bridges. 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (i)  fixed  or 
dead  loads,  (2)  a  moving  or  live  load,  and  (3)  miscellaneous  loads. 
The  dead  load  consists  of  the  weight  of  the  structure  and  is  always 


TABLE  L 

Summary  of  Weight  of  Metal, 
hi'  6"  X  18'  o"  Riveted  Highway  Bridge. 


Rkf. 

No. 

Mbxbbr. 

Wkiohts. 

Details 

Main 
Members. 

Details. 

Total. 

OP  Main 
Mbmbeks. 

I 

2 

3 

4 

5 
6 

I 

12 

13 

14 

15 
16 

17 

- 

End  Posts. 
Top  Chords. 
■  Lower  Chords. 
Intermediate  Posts. 
Main  Ties. 
Hip  Verticals. 
Counters. 
Floorbeams. 
Struts. 

Top  Laterals. 
Bottom  Laterals. 
Portals. 
Pins  and  Nuts. 
Pedestals. 

5i592 

5.900 
5.232 

2,436 

3»i84 
856 

1,156 
8.350 
1,486 

843 
1,732 

3.892 

3»942 

442 

2,835 

474 

163 
109 

2,230 

544 

35 
182 

620 

86 

1,949 

9,484 
9.842 
5.674 
5.277 
3.658 
1,019 
1,265 
10,580 
2,030 
566 
1,025 

2,352 
86 

1,949 

67.0 
67.0 

8.5 
II  6.0 

I5-0 
19.0 

9.0 
27.0 
36.0 

7.0 
21.0 
36.0 

37,298 

17.503 

54.801 

46.9 

Total  Weight  of  Metal  in  Bridge,  exclusive  of  9,  10,  ii,  18  and  19  r=r  54,801  r>s. 


9 
10 

II 

18 

19 

Joists. 

Hub  Guard. 
End  Struts. 
Bolts  for  Lumber. 
Spikes  for  Lumber. 

23,852 

2,392 
469 

2,200 
267 
167 
365 
389 

26,052 

2,659 
636 

365 
389 

9.0 

II.O 

36.0 

26,713 

3,388 

30,101 

13.0 

Total  Metal  in  Bridge. 

64,011 

20,891 

84,902 

33.0 

15 
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carried  by  the  bridge ;  the  live  load  consists  of  the  moving  load  which 
the  bridge  is  built  to  carry ;  while  the  miscellaneous  loads  include  wind 
loads,  snow  loads,  etc. 

Weight  of  Bridges. — The  weight  of  a  bridge  is  composed  of 
(i)  the  weight  of  the  steel  in  the  steel  framework,  consisting  of  the 
vertical  trusses,  the  upper  and  lower  lateral  systems,  the  floorbeams, 
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Fig.  29.    Total  Weight  of  Steel  in  Warren,  Riveted,  Low  Truss  Highway 
Bridges,  Exclusive  of  Joists  and  Fence.     (Gillette-Herzog  Mfg.  Co.) 

the  portals  and  sway  bracing;   (2)  the  weight  of  the  joists  and  the 
fence;  and  (3)  the  weight  of  the  floor  covering. 

Weight  of  Steel  Framework.— The  weight  of  the  steel  framework 
in  a  bridge  will  depend  upon  whether  it  is  a  railway  or  a  highway 
bridge,  upon  the  span  and  the  type  of  bridge,  and  upon  the 'load  which 
it  has  been  designed  to  carry.  The  weight  of  the  steel  in  a  highway 
bridge  is  the  sum  of  the  weights  of  the  parts  (i),  (2)  and  (3)  of  the 
bridge  as  shown  in  Table  I. 
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WEIGHT  OF  STEEL  HIGHWAY  TRUSS  BRIDGES.  GU- 
lette-Herzog  Mfg.  Co.  Standards. — The  total  weights  of  the  steel  in 
highway  bridges  without  sidewalks,  exclusive  of  joists,  fence,  etc.,  are 
given  in  Fig.  29,  Fig.  30  and  Fig.  31.  These  bridges  were  designed 
for  the  loadings  stated  and  all  have  a  roadway  of  16  feet  except  the 
Petit  trusses  with  spans  above  228  feet,  which  have  an  i8-ft.  roadway. 
The  bridges  were  designed  by  the  Gillette-Herzog  Mfg.  Co.  and  are 
excellent  structures. 

64000 

^  60000 

1  56000 

•^  52000 

•6  48000 
»-» 

*S  44000 

.? 
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]S  20000 

•5*  16000 
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Span  of  Bridge  in  FeeK 

Fig.  30.    Total  Weight  of  Steel  in  Pratt,  Pin-connected,  Through  Parallel 
Chord  Highway  Bridges,  Exclusive  of  Joists  and  Fence, 

(Gillette-Herzog  Mfg.  Co.) 

The  effect  of  panel  length  on  the  weight  of  bridges  is  plainly  shown 

in  Fig.  30.     By  continuing  the  lines  the  weights  of  the  bridge  for 

different  numbers  of  panels  may  be  read  directly  from  the  diagram. 
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Fig.  31.    Total  Weight  of  Steel  in  Pratt  and  Petit  Through  Inclined  Chord 
Highway  Bridges,  Exclusive  op  Joists  and  Fence.     (Gillette- 

Herzog  Mfg.  Co.) 

Boston  Bridge  Works  Standards. — The  total  weights  of  steel, 
exclusive  of  joists  and  fence,  in  highway  bridges  as  designed  by  the 
Boston  Bridge  Works,  are  given  in  Figs.  32  and  33.  The  bridges 
whose  weights  are  given  in  Fig.  32  were  designed  for  a  live  load  of 
80  lbs.  per  square  foot  for  the  trusses,  and  100  lbs.  per  square  foot  for 
the  floor  system.  The  bridges  whose  weights  are  given  in  Fig.  33  were 
designed  for  a  live  load  of  80  lbs.  per  square  foot  for  the  trusses,  and 
100  lbs.  per  square  foot  for  the  floor  system  of  the  main  roadway  and 
tlie  footwalks.  The  bridges  were  designed  with  allowable  tension  of 
15,000  lbs.  per  square  inch  in  main  members  and  18,000  lbs.  per  square 
inch  in  laterals;  allowable  compression  of  12,000  and  15,000  lbs.  per 
square  inch,  reduced  by  Rankine's  column  formula,  in  main  members 
and  laterals,  respectively. 

Weights  of  Trusses,  Laterals,  etc. — The  weights  of  one  truss  of 
steel  highway  bridges  as  designed  for  different  loadings  by  the  Boston 
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Span. 

Panel*. 

Fig.  32.    Total  Weight  of  Steel  in  Highway  Bridges,  Exclusive  of  Joists 

AND  Fence.     (Boston  Bridge  Works.) 
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Fig.  33.    Total  Weight  of  Steel  in  Highway  Bridges  with  Sidewalks, 
Exclusive  of  Joists  and  Fence.     (Boston  Bridge  Works.) 
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Bridge  Works,  are  given  in  Table  II.  The  live  and  dead  loads  are  in 
pounds  per  lineal  foot  per  truss.  Class  I  was  designed  for  a  live  load 
of  1,280  lbs.  per  lineal  foot  of  bridge;  Class  II  for  3,600  lbs.  per  lineal 
foot  of  bridge;  Class  III  for  6,000  lbs.  per  lineal  foot  of  bridge.  The 
trusses  given  in  Table  II  were  designed  for  a  tension  of  15,000  and 
18,000  lbs,  per  square  inch  in  main  members  and  laterals,  respectively; 


TABLE  II. 

Weight  of  One  Truss  of  a  Steel  Pratt  Highway  Truss  Bridge.    Dead  and 
Live  Loads  in  Pounds  Per  Lineal  Foot  of  Truss.    (  Boston  Bridge  Works.) 


Class  I. 

Class 

II. 

Class  III 

> 

Span. 

Live 
Load. 

Dead 
Load. 

Wdght  of 
TruM,  lbs. 

Live 
Load. 

1,800 

Dead 
Load. 

Weight  of 
TruM,  lb«. 

'    Live 
Load. 

Dead 
Load. 

Weight  of 
Truss,  Ibt. 

40 
45 
50 
55 

640 

250 

255 
260 

265 

1,700 
2,000 
2,300 
2,700 

520 

530 
540 
550 

2,500 
3,100 

3»8oo 

4,600 

3,000 

840 

870 
885 

3,500 
4,300 
5,300 
6,300 

60 

65 
70 

75 

270 

275 
280 

285 

3,200 
3,700 
4,200 
4,800 

1 

560 

570 
580 

590 

5,400 
6,400 
7,500 
8,600 

900 

915 
930 

945 

7,600 

9,000 

10,500 

12,200 

80 

85 
90 
95 

290 

295 
300 

305 

5,400 
6,100 
6,800 
7,500 

1 
1 

600 
610 
620 
630 

9,900 
11,200 
12,600 
14,100 

960 

975 
990 

1,005 

14,000 

15,900 
18,100 
20,300 

100 

105 
no 

"5 

310 

315 
320 

325 

8,300 

9,100 

10,000 

10,900 

1 

640 
650 
660 
670 

15,600 
17,300 
19,100 
21,000 

1 

1,020 

1,035 
1,050 
1,065 

22,700 
25,200 
27,900 
30,700 

120 
125 
130 
135 

J 

330 
335 
340 

345 

11,900 
12,900 
14,000 
15,100     i 

1 

680 
690 
700 
710 

23,000 
24,900 
27,100 
29,300 

1 

1 
1 

1,080 

1,095 
1,110 

1,125 

33,700 
36,800 
40,100 
43,500 

140 

145 
150 

155 

350 

355 
360 

365 

16,300 
17,500 
18,700     I 
20,000     , 

1 

720 
730 
740 
750 

31,600 
34,000 
36,500 
39,100 

I 

1,140 

1,155 
1,170 
1,185 

47,100 
50,800 
54,600 
58,600 

160 

165 
170 

175 

370 

375 
380 
385 

21,300 
22,700 

24,100   ; 

25,600  : 

760 

770 
780 
790 

41,700     i' 
44,500    I; 

47,400   ; 
50,300    , 

1,200 
1,215 
1,230 

1,245 

62,700 

67,000 

71,400 

.       76,000 

180 

185 
190 

195 

1 

390 

395 
400 

405 

27,100  1 

28,700    ' 

30,300 

32,000 

800 
810 
820 
830 

53,300 

56,400 

59»7oo 
63,000 

1 

i 

1 

1 

1,260 

1,275 
1,290 

1,305 

80,700 
85,600 
90,600 
95,700 

200  . 

410  i    33,600     1 

840 

66,400 

1,320 

101,000 
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a  compression  of  12,000  and  15,000  lbs.  per  square  inch,  reduced  by 
Rankine's  formula,  in  main  members  and  laterals,  respectively;  and 
for  rivet  shear  of  10,500  lbs.  per  square  inch,  and  rivet  bearing  of 
15,000  lbs.  per  square  inch. 

The  weights  oi  one  floorbeam,  designed  for  different  loadings  per 
lineal  foot  of  floorbeam,  are  given  in  Table  III. 

TABLE  III. 

Weight  of  One  Floorbeam  in  Pounds  for  Different  Loads  Per  Lineal  Foot 

OF  Floorbeam.     (Boston  Bridge  Works.) 


Width  of 

ROADWAT. 

Fket. 

Total  Load  on  Onb  Floorbbam. 

900 

1,300 

1,700 

BplOO 

a.500 

a,900 

12 
16 
20 

24 
28 

32 
40 

630 

930 
1,260 

1,630 

2,050 

2,994 

390 

710 

1,050 

1,430 
1,860 
2,380 
3,863 

460 
830 
1,200 
1,620 
2,100 
2,700 
4,418 

510 

930 

1,370 
1,850 

2,380 
3,080 
4,922 

550 
1,020 

1,430 
2,080 

2,700 

3,400 

5,581 

6,200 

TABLE  IV. 
Weight  of  Sidewalk  Brackets  in  Pounds.     (Boston  Bridge  Works.) 


Width  of 

Tota 

L  Load  on  Bracket. 

Walk,  Fhkt. 

900 

1,300 

1,700 

a, 100 

2,500 

5 

90 

"5 

140 

160 

185 

6 

135 

155 

180 

205 

230 
285 

7 

175 

200 

225 

255 

8 

215 

250 

280 

315 

360 

9 

260 

295 

340 

390 

450 

10 

300 

355 

400 

465 

560 

The  weights  of  one  sidewalk  bracket,  designed  for  a  live  load  of 
100  lbs.  per  square  foot,  for  different  widths  of  sidewalk,  are  given 
in  Table  IV. 

The  weights  of  shoes  and  rollers,  for  one  span  for  reactions  of 
50,000  lbs.  to  400,000  lbs.,  are  given  in  Table  V.  The  bearing  on 
masonry  was  taken  at  300  lbs.  per  square  inch,  while  the  bearing  on 
rollers  was  taken  as  900  V  D  lbs.  per  lineal  inch  of  roller,  where  D  is 
the  diameter  of  the  roller. 


22 


LOADS    AND    WEIGHTS    OF    HIGHWAY    BRIDGES. 


TABLE  V. 

Weight  of  Shoe  Plates  (Pedestals)  and  Rollers  in  Pounds  for  One  Span. 

(Boston  Bridge  Works.) 


Reaction,  Pounds. 

Weight,  Pounds. 

Reaction,  Pounds. 

Weight,  Pounds. 

50,000 
100,000 
150,000 
200,000 

280  +      240* 

620  4-    450 

1,0304-     850 

1,540  4- 1.220 

250,000 
300,000 
350,000 
400,000 

2,080  4-  1,520* 

2,6604-  2,100 

3,300  4-  2,450 
3,940  4-  2,800 

♦  Amount  to  add  for  2  cast  shoes  equal  in  thickness  to  rollers  and  bottom 
plate. 

The  weights  of  lateral  bracing  for  different  spans  and  roadways 
are  given  in  Table  VI.  The  wind  load  on  the  unloaded  chord  was 
taken  as  150  lbs.  per  lineal  foot  of  bridge,  while  the  wind  load  on 
loaded  chord  was  taken  as  300  lbs.  per  lineal  foot  of  bridge,  of  which 
150  lbs.  was  considered  a  moving  load. 

It  will  be  seen  in  Figs.  29  to  33  that  the  weights  of  highway 


TABLE  VI. 

Weight  of  Lateral  Bracing  in  Pounds  for  Steel  Highway  Bridges.     (Boston 

Bridge  Works.) 


Sixteen  Ft.  Roadway. 

TwENTT-POUR  Ft.  Roadway.  I 

Thirty-two  Ft.  Roadway. 

Span 

Ft. 

• 

• 

1 

Portal. 

Total. 

1         {H 

• 

6 
S 

I 

Portal. 

Total. 

Top. 

Bottom. 

• 

1 

40 

846 

786 

933 

50 

1,000 

1,000 

1,200 

60 

1,160 

1,300 

1,500 

70 

i»35o 

1,650 

1,850 

80 

950 

1,550 

600 

3,100 

2,200 

1,950 

1,400 

5,550 

3,300  2,150 

1,550 

7,000 

90 

1,100 

1,750 

750 

3,600 

2,600 

2,250 

1,600 

6,450 

3,850  2,500 

1,900 

8,150 

100 

1,200 

2,000 

950 

4,150 

3,000 

2,550 

1,850 

7,400 

4,300' 2,800' 2,250 

9,350 

IIO 

1,400 

2,250  1,100 

4,750 

3,400 

2,950 

2,050    8,400 1 

4,750  3»i5o, 2,650 

10,550 

120 

1,602 

2,559  1,336 

5,497 

3,880 

3,323 

2,392 

9,595 ' 

5,183 

3,566 '3,066 

11,815 

130 

1,750 

2,800 

1,500 

6,050 

4,200 

3,650]  2,550  10,400 

5,500 

3,850' 3,450 

12,800 

140 

1,950 

3.150 

1,700 

6,800 

4,550 

4,000 

2,850  11,400    5,850 

4,150  3,850 

13,850 

150      2,150 

3,600 

1,950 

7,700 

4,950 

4,400 

3,100  12,450 

6,200  4,450 

4.350 

I5i000 

Tfio 

2,400  4,050 

2,150 

8,600   5,300 '4,800 

3,350:13,450 

6,500  4,750 

4,800 

16,050 

170 

2,650  4,500 

2,450 

9,600  15,650  5,150 

3,650  14,450,16,850,5,050 

5,350  17,250 

180 

2,900 

5»ooo 

2,700 

10,600   6,000 

5,600  4,000  15,600    7,150:5,350 

5,850  18,350 

190  '3»2oo 

5,500 

3,000 

11,700 

6,350 

6,000 

4,300  16,650    7,450  5,650 

6,400 

19,500 

200    3,544 

6,094  3,388 

13,026 

6,653 

6,495 

4,652  17,800    7,707  5,917  7,016!  20,640 
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bridges  for  any  given  span  depends  upon  (i)  the  type  of  truss,  (2) 
the  loading,  (3)  the  number  of  panels  in  the  bridge,  and  (4)  upon  the 
width  of  the  roadway. 

American  Bridge  Company  Standards. — To  cover  a  larger  range 
of  conditions  the  author  has  tabulated  graphically  the  weights  of  two 
trusses  of  low  Pratt  pin-connected  bridges  in  Fig.  34;  in  Fig.  35  he 
has  tabulated  the  weights  of  one  floorbeam  for  various  panel  lengths 
and  widths  of  roadway  for  a  live  load  of  100  lbs.  per  square  foot  of 


^000 

4  16000 

c 

I  14000 

c 

■^  12000 

S  10000 

I    8000 

^  eooo 

1,4000 
$    2000 
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3pan  of  Tru35e5  in  Pcct. 

Fig.  34.    Total  Weight  of  Steel  in  Two  Trusses  of  a  Low,  Pin-connected, 
Half  Hip,  Pratt  Highway  Bridge  (Fig.  7).     (American  Bridge  Co.) 

roadway;  while  in  Fig.  36  he  has  tabulated  the  weights  of  lateral  sys- 
tems, including  portals  per  foot  of  clear  width  of  the  bridge.  The 
upper  lateral  systems  were  designed  for  150  lbs.  per  lineal  foot  of 
bridge,  and  the  lower  lateral  systems  were  designed  for  a  wind  load 
of  300  lbs.  per  lineal  foot  of  bridge,  150  lbs.  being  considered  a  moving 
load.  For  example  to  find  the  weight  of  a  five  panel,  low,  Pratt,  pin- 
connected  highway  bridge  having  a  span  of  80  feet  and  a  clear  roadway 
of  18  feet,  the  trusses  being  designed  for  a  live  load  of  1,600  lbs.  per 
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Fig.  35.    Total  Weight  of  One  Floorbeam  for  Various  Panel  Lengths  and 
Widths  of  Roadway,  for  a  Live  Load  of  ioo  Pounds  Per  Square  Foot. 

(American  Bridge  Co.) 
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OF  Bridge.     (American  Bridge  Co.) 
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lineal  foot  of  bridge,  and  the  floor  system  for  a  live  load  of  lOO  lbs. 
per  square  foot  of  floor,  proceed  as  follows : 

The  total  weight  of  two  8o-foot  trusses,  from  Fig.  34=         12,700  lbs. 
The  total  weight  of  4  floorbeams  for  a  panel  length  of  16 

feet  and  a  roadway  of  18  feet,  from  Fig.  35  =:  4  X  1,100  ==  4,400  lbs. 
The  total  weight  of  lateral  systems,  including  portals,  for 
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Fig.  39.    Total  Weight  of  Steel  in  Two  Trusses  of  a  Riveted,  Through 
Pratt  Truss  Highway  Bridge  (Fig.  10).     (American  Bridge  Co.) 

a  clear  roadway  of  18  feet,  from  Fig.  36=  18  X  190=    3420  lbs. 
Total  weight  of  steel  in  bridge  exclusive  of  joists  and 

fence  =  20,520  lbs. 

The  weights  of  two  trusses  of  low,  riveted,  box-chord,  Warren 
truss  bridges,  are  given  in  Fig.  37 ;  the  weights  of  two  trusses  of  double 
intersection,  quadrangular,  riveted,  through  Warren  truss  bridges  are 
given  in  Fig.  38;  the  weights  of  two  trusses  of  riveted,  through  Pratt 
truss  bridges  are  given  in  Fig.  39 ;  the  weights  of  two  trusses  of  pin- 
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connected,  through  Pratt  truss  bridges  are  given  in  Fig.  40;  and  the 
weights  of  two  trusses  of  pin-connected,  through  curved-chord  Pratt 
and  Petit  truss  bridges  are  given  in  Fig.  41.  The  weights  of  floor- 
beams  as  given  in  Fig.  35,  and  the  weights  of  lateral  systems  as  given 
in  Fig.  36,  are  to  be  used  in  connection  with  all  diagrams  giving  the 
weights  of  two  trusses. 
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Fig.  40.    Total  Weight  of  Two  Trusses  of  a  Pin-connected,  Through  Pratt 
Truss  Highway  Bridge  (Fig.  9).     (American  Bridge  Co.) 

As  a  second  example  it  is  required  to  calculate  the  weight  of  a  six- 
panel,  pin-connected,  Pratt  truss  bridge  having  a  span  of  no  feet  and 
a  roadway  of  16  feet  in  the  clear,  the  trusses  having  been  designed  for 
a  live  load  of  1,200  lbs.  per  lineal  foot  of  bridge,  and  a  floor  load  of 
100  lbs.  per  square  foot  of  floor. 

Total  weight  of  two  no- ft.  trusses,  from  Fig.  40=  17,200  lbs. 

Total  weight  of  5  floorbeams  for  a  16- ft.  roadway  and  an 

i8J-ft.  panel,  from  Fig.  35  ==900  X  5=  4.500  lbs. 
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Total  weight  of  lateral  systems,  including  portals,  from  Fig. 

36  =  i6  X  250  =  4,000  lbs. 

Total  weight  of  bridge  exclusive  of  joists  and  fences  25,700  lbs. 
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Fig.  41.    Total  Weight  of  Two  Trusses  of  a  Pin-connected,  Curved  Chord, 
Through  Pratt  and  Petit  Highway  Bridge  (Fig.  15  and  Fig.  18). 

(American  Bridge  Co.) 

From  Fig.  30,  the  total  weight  of  a  no- foot  span,  6-panel,  pin- 
connected  Pratt  truss  bridge  with  a  16- foot  clear  roadway  designed  for 
a  live  load  of  1,280  lbs.  per  lineal  foot  of  bridge  is  approximately  25,- 
200  lbs.,  which  is  a  very  good  check. 

As  a  third  example  it  is  required  to  calculate  the  weight  of  an 
8-panel,  pin-connected,  Pratt  truss  highway  bridge,  having  a  span  of 
160  ft,  a  roadway  of  16  ft.  in  the  clear,  the  trusses  having  been  designed 
for  a  live  load  of  1,440  lbs,  per  lineal  foot  of  bridge,  and  a  floor  load 
of  100  lbs.  per  square  foot  of  floor. 
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WEIGHT   OF   BEAM    BRIDGES. 


Total  weight  of  two  i6o-ft.  trusses,  from  Fig.  40,  by  inter- 

polation  = 
Total  weight  of  7  floorbeams  for  a  i6-ft.  roadway  and  a 

20- ft.  panel,  from  Fig.  35  =  950  X  7  = 
Total  weight  of  lateral  systems,  including  portals,  from  Fig. 

36  =16X410  = 
Total  weight  of  bridge  = 
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40,000  lbs. 

6,650  lbs. 

6,560  lbs. 
53,210  lbs. 


WEIGHT  OF  BEAM  BRIDGES.— The  weights  of  beam  bridges, 
as  designed  by  the  American  Bridge  Co.  for  different  roadways,  are 
given  in  Table  VIII.  The  lengths  of  span  for  different  loadings  may 
be  used  as  given  in  Table  VII. 


TABLE  VII. 

Permissible  Span  of  Beams  for  Different  Loadings,  Arranged  as  in 

Table  VIII. 


Maximum  Span  for  a  Live  Load  of 

Maximum  Span  for  a  Live  Load  of 

S17.B  OP  Beams. 

xoo  lbs.  per  sq.  ft.,  or  a  6  Ton 

Z35  lbs.  per  sq.  ft.,  or  a  15  Ton 
Road  Roller. 

Wagon. 

6'' 

1 6'  o'' 

14'  0'' 

7// 

\^  &' 

17'  o'^ 

%'' 

22^  &^ 

2&  &' 

9// 

25'  </^ 

2y  o'^ 

lO^' 

2^  &' 

2Y  &' 

J  2// 

35^  c/' 

2,2'  0'' 

15'' 

40'  &' 

40'  0'' 

Weight  of  Steel  Highway  Plate  Girder  Bridges. — The  weights 
of  highway  plate  girder  bridges,  as  designed  by  the  Boston  Bridge 
Works,  are  given  in  Figs.  42,  43  and  44.  The  through  highway  plate 
girder  bridges,  of  which  the  weights  are  given  in  Fig.  42,  were  designed 
for  a  live  load  of  80  lbs.  per  square  foot  of  floor  surface  for  the  girders 
and  100  lbs.  per  square  foot  of  floor  surface  for  the  floor  system,  also 
for  a  6-ton  wagon. 

The  through  highway  plate  girder  bridges  with  sidewalks,  of  which 
the  weights  are  given  in  Fig.  43,  were  designed  for  a  live  load  of  80 
lbs.  per  square  foot  on  the  roadway  and  60  lbs.  per  square  foot  on  the 
sidewalk  for  girders  30  ft.  long  and  over ;  and  100  lbs.  per  square  foot 
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TABLE  VIII. 
Weights  of  Beam  Bridges.     (American  Bridge  Co.) 


SizB  OP  Joist  Used. 


t^f  Is— 12X  lbs. 
dff  [s— 8  lbs. 


y  Is— 15  lbs. 
1"  [s— 93i<'  lbs. 


V  Is— 18  lbs. 

V  [s— 113^  lbs. 


9//  Is — 21  lbs. 
9'"  [s-  133^  lbs. 


lo'^  Is— 25  lbs. 
!<//  [s_i5  lbs. 


12//IS— 3i>^lbs. 
\2ff  [s— 20^  lbs. 


\z*f  Is— 35  lbs. 
iz'f  [s— 20j^  lbs. 


\2^f  Is— 40  lbs. 
12^^  [s— ao^  lbs. 


15//  Is— 42  lbs. 
^h"  [s— 33  lbs. 


Joists,  lbs.  per  lin.  ft. 
2  Wall  channels. 

1  Set  bracing. 
Held  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft. 

2  Wall  channels. 

1  Set  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  fL 

2  Wall  channels. 

1  Set  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft 

2  Wall  channels. 

1  Set  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft. 

2  Wall  channels. 

1  Set  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft. 

2  Wall  channels, 
a  Sets  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per.  lin.  ft. 
2  Wall  channels. 
2  Sets  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft. 
2  Wall  channels. 
2  Sets  bracing. 
Field  bolts  and  clips. 

Joists,  lbs.  per  lin.  ft. 
2  Wall  channels. 
2  Sets  bracing. 
Field  bolts  and  clips. 


Lumber :  Ft.  B.  M.  per  lin.  ft.  span. 


Width  of  Roadway  and  Num- 
ber OP  Joists  Used. 


118 

146 
290 

350 
118 

161 
290 

350 
123 

192 

305 
360 

138 


^.-^ 

.«; 

^  J5 

^o'A 

^0^; 

-bw, 

\± 

>ji 

^JL 

« 

(• 

M 

53 

65 

77 

260 

300 

340 

150 

160 

170 

51 

55 

59 

65 

80 

95 

265 

305 

345 

155 

165 

175 

.57 

61 

65 

77 

95 

113 

270 

310 

350 

160 

170 

180 

65 

69 

73 

90 

III 

132 

275 

315 

355 

165 

175 

185 

67 

72 

77 

105 

130 

155 

280 

320 

360 

170 

180 

190 

75 

80 

85 

136 

167 

199 

290 

330 

370 

350 

370 

390 

181  216 

330 
370 


129 
201 

330 
370 


241 
370 
390 

^35  147 


« 


90 
380 
180 

63 

lie 

385 

185 
69 


390 

190 
77 

153 

395 

195 
82 

180 

400 

200 

90 

230 
410 
410 
129  140  151 


251 


370;  410 
390'  410 

140  151 


281 
410 
410 

159 


234  276  318 

345  385  425 

380  400  420 

151  164  177 


40  !  46 1  52  i  58 1  64 


102 
420 
190 

67 

125 
425 
195 

73 

149 

430 
200 

81 

174 
435 
205 

87 

205 
440 
210 

95 

262 

450 

430 
162 

286 

450 

430 
162 

321 
450 

430 
171 

360 

465 
440 
190 


Railing:  Total  weight  of  2  sides  =  33  lbs.  X  length  in  feet  +  100  lbs. 
Extreme  length  of  span  =  clear  span +  2  ft.  (ordinarily). 
Bracing:  12"  and  15"  beams  have  2  sets;  all  other  sizes  i  set. 
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on  roadway  and  sidewalk  for  girders  under  30  ft. ;  also  for  a  6-ton 
wagon. 

The  deck  highway  plate  girder  bridges  without  walks,  of  which 
the  weights  are  given  in  Fig.  44,  were  designed  for  the  same  loads  as 


Fio.  43.    Total  Weight  op  Steel  in  Through  Plate  Girder  Highway  Bridges, 
Exclusive  op  Joists  and  Fence.    (Boston  Bridge  Works.) 
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the  through  plate  girder  bridges  in  Fig.  42.     The  allowable  unit  stresses 
were  the  same  as  for  the  truss  bridges  in  Figs.  32  and  33. 
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Fig.  44.    Total  Weight  or  Steel  in  Deck  Plate  Girder  Highway  Bkidges, 
Exclusive  of  Joists  and  Fence.     (Boston  Budge  Works.) 
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The  weights  of  one  steel  highway  plate  girder  for  different  loads 
per  lineal  foot  of  girder,  and  different  spans  are  given  in  Table  IX. 
The  compression  flanges  were  made  with  the  same  section  as  the  ten- 
sion flanges.  The  live  and  dead  loads  are  given  in  pounds  per  hneal 
foot  of  one  girder. 

WEIGHT  OF  STEEL  ELECTRIC  RAILWAY  BRIDGES.— 
The  weights  of  the  structural  steel  in  electric  railway  bridges,  as 
designed  by  the  Boston  Bridge  Works,  are  given  in  Fig.  45. 
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Fig.  45.    Total  Weight  of  Steel  in  Electric  Railway  Bridges,  Exclusive  of 

Fence.     (Boston  Bridge  Works.) 


WEIGHT  OF  STEEL  RAILWAY  BRIDGES.— The  weight 
of  the  structural  steel  in  a  railway  bridge  varies  with  the  span,  the 
type  of  truss,  the  loading  and  with  the  specifications.  The  formula 
proposed  by  Waddell  and  Hedrick  and  published  in  Merriman  and 
Jacoby's  Roofs  and  Bridges,  Part  I,  is 

w  =  8.63  (/  +  1-3^^  —  140) 

where  w  is  the  weight  of  steel  in  pounds  per  lineal  foot  of  span,  /  is 
the  span  in  feet,  and  W  is  the  weight  in  net  tons  of  each  of  the  two 
locomotives  that  precede  the  uniform  train  load. 

For  Cooper's  E  40  loading  the  weight  is  then  given  by  the  formula 

w  =  8.63  (/  +  44.6)  lbs.  (a) 

and  for  Cooper's  E  50  loading  the  weight  is  given  by  the  formula 

w  =  8.63  ( /  +  90.75  )  lbs.  (b) 
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To  obtain  the  total  dead  load,  add  from  400  to  500  lbs.  per  lineal  foot 
for  the  ties  and  track. 

FLOOR  SYSTEMS  FOR  HIGHWAY  BRIDGES.— The  Amer- 
ican Bridge  Co.'s  Specifications  for  Steel  Highway  Bridges,  1901, 
include  the  following  provisions : 

§  I.  Classification. — Bridges  under  these  specifications  are  divided 
into  six  classes,  viz. : 

Class  A. — For  city  traffic. 

Class  B. — For  suburban  or  interurban  traffic  with  heavy  electric 
cars. 

Class  C. — For  country  roads,  with  light  electric  cars  or  heavy 
highway  traffic. 

Class  D. — For  country  roads,  with  ordinary  highway  traffic 

Class  E^. — For  heavy  electric  street  railways  only. 

Class  E2. — For  light  electric  street  railways  only. 

§8.  Spacing  of  Trusses. — The  width  between  centers  of  trusses 
shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  centers 
of  end  pins  or  shoes. 

§11.  Floorbeams. — All  floorbeams  in  through  bridges  shall  be 
riveted  to  the  main  girders. 

§  12.  Stringers. — Steel  stringers  shall  preferably  be  riveted  to  the 
web  of  the  floorbeams. 

Wooden  joists  shall  not  be  less  than  3  inches  thick,  shall  be  spaced 
not  more  than  2^  feet  between  centers,  and  shall  be  dapped  over  the 
seat  angles  or  floorbeams  to  exact  level.  In  the  latter  case  they  shall 
lap  by  each  other  over  the  full  width  of  the  floorbeam,  and  shall  be 
separated  i  inch  for  free  circulation  of  air. 

§  13.  For  single  thickness  the  roadway  planks  shall  not  be  less  than 
3  inches  thick,  nor  less  than  one-twelfth  of  the  distance  between 
stringers,  and  shall  be  laid  transversely  with  J  inch  openings. 

§  15.  Wheel-guards. — Wheel-gxiardsof  a  cross-section  not  less  than 
6  inches  by  4  inches  shall  be  provided  on  each  side  of  the  roadway. 
They  shall  be  blocked  up  from  the  floor  plank  with  blocks  2  inches 
by  6  inches  by  12  inches  long,  not  over  5  feet  apart  center  to  center, 
held  in  place  by  one  f  inch  bolt  passing  through  the  center  of  each 
blocking  piece  and  securely  fastened  to  the  stringer  below.  The  wheel- 
guards  shall  be  spliced  with  half  and  half  joints  with  6  inches  lap  over 
a  blocking  piece. 
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§  1 6.  Footwalk  Planks. — The  footwalk  planks  shall  not  be  less 
than  2  inches  thick  nor  more  than  6  inches  wide,  spaced  with  ^  inch 
openings. 

§  17.  All  plank  shall  be  laid  with  the  heart  side  down ;  shall  have 
full  and  even  bearing  on  and  be  firmly  attached  to  the  stringers. 

§  18.  Solid  Floor. — For  bridges  of  Classes  A  and  B  a  solid  floor, 
consisting  of  stone,  asphalt,  etc.,  on  a  concrete  bed,  is  recommended. 
For  this  case  the  flooring  will  consist  of  buckle-plates  or  corrugated 
sections,  and  the  concrete  bed  shall  be  at  least  3  inches  thick  for  the 
roadway  and  2  inches  thick  for  the  footwalk,  over  the  highest  point  to 
be  covered,  not  counting  rivet  or  boltheads. 

§  19.  Buckle  Plates. — Buckle  plates  shall  not  be  less  than  -^  inch 
thick  for  the  roadway  and  J  inch  thick  for  the  footwalk. 

§  20.  Curbs. — For  solid  floor  the  curb  holding  the  paving  and 
acting  as  a  wheel-guard  on  each  side  of  the  roadway  shall  be  of  stone 
or  steel  projecting  about  6  inches  above  the  finished  paving  at  the 
gutter.  The  curb  shall  be  so  arranged  that  it  can  be  removed  and 
replaced  when  worn  or  injured.  There  shall  also  be  a  metal  edging 
strip  on  each  side  of  the  footwalks  to  protect  and  hold  the  paving  in 
place. 

§21.  Drainage. — Provision  shall  be  made  for  drainage  clear  of  all 
parts  of  the  metal  work. 

§  22,  Floor  of  Class  Ei  and  Eg. — The  floor  of  bridges  of  Classes 

El  and  Eg  shall  consist  of  cross-ties  not  less  than  6  inches  by  6 
inches,  spaced  with  openings  not  exceeding  6  inches  and  securely  fas- 
tened to  the  stringers  by  bolts.  There  shall  be  guard  timbers  not  less 
than  6  inches  by  6  inches  on  each  side  of  each  track,  with  the  inner 
faces  not  less  than  9  inches  from  center  of  rail.  They  shall  be  notched 
I  inch  over  every  tie,  and  fastened  to  every  tie. 

§  23.  Dead  Load. — In  determining  the  weights  of  the  structure  for 
the  purpose  of  calculating  stresses,  the  weight  of  timber  shall  be 
assumed  at  4  lbs.  per  foot  B.  M.,  the  weight  of  concrete  and  asphaltum 
at  130  lbs.,  of  paving  brick  at  150  lbs.  and  of  granite  at  160  lbs., 
per  cubic  foot. 

The  rails,  fastenings,  splice  and  guard  timbers  of  street  railway 
tracks,  resting  on  cross-ties,  shall  be  assumed  as  weighing  100  lbs.  per 
lineal  foot  of  track. 

For  additional  specifications  for  floor  systems  of  highway  bridges. 
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see  the  author's  "  Specifications  for  Steel  Highway  Bridges,"  in  Ap- 
pendix I. 

FLOOR  SYSTEMS  FOR  ELECTRIC  RAILWAY  BRIDGES. 

— Specifications   for   Steel   Electric  Railway   Bridges  by   Mr.   C.   C 
Schneider,  M.  Am.  Soc.  C.  E.,  contain  the  following  provisions: 

§  I.  Classification. — Bridges  under  these  specifications  are  divided 
into  three  classes,  viz. : 

Class  A. — For  heavy  electric  railways  carrying  freight 
Class  B. — For  city  traffic,  including  elevated  railways. 
Class  C. — For  light  suburban  railways. 

§4.  Clearance. — In  all  through  bridges  the  clear  width  from  the 
center  of  the  track  shall  not  be  less  than  7  ft.  at  a  height  of  i  ft.  6  in. 
above  the  tops  of  the  rails  where  the  tracks  are  straight.  The  width 
shall  be  increased  to  provide  the  same  minimum  clearance  on  curves, 
allowance  being  made  for  super-elevation  of  rails. 

§  5.  Head-room. — The  clear  head-room  for  all  bridges  shall  not 
be  less  than  15  ft.  above  the  top  of  the  rails. 

§  6.  Spacing  Trusses. — The  width  center  to  center  of  trusses  shall 
in  no  case  be  less  than  one-twentieth  of  the  effective  span. 

Spacing  of  Stringers. — Stringers  shall  be  spaced  generally  not  less 
than  6J  ft.  centers,  in  high  viaducts  not  less  than  8  ft. 

§  7.  Skew  Bridges. — Ends  of  deck  plate  girders  and. track  stringers 
of  skew  bridges  at  abutments  shall  be  square  to  the  track. 

§  8.  Ties. — Wooden  tie  floors,  where  used,  shall  be  proportioned  to 
carry  the  maximum  wheel  load  with  50  per  cent  impact  distributed 
over  three  ties ;  fiber  stress  on  ties  not  to  exceed  2,000  lbs.  per  square 
inch,  and  the  length  to  be  not  less  than  the  total  distance  over  the  outer 
edge  of  the  supports  plus  12  ins.  They  shall  be  not  less  than  7  ins. 
wide  and  spaced  with  not  more  than  6-in.  openings,  and  shall  be  notched 
to  a.tight  fit  over  the  supporting  girders,  depth  of  notch  to  be  not  more 
than  I J  ins. 

§9.  Guard  Timbers. — Guard  timbers  shall  be  not  less  than  5  ins. 
by  8  ins.,  laid  with  the  8-in.  face  down,  notched  over  each  tie  and 
securely  fastened. 

§10.  Dead  Load. — The  dead  load  shall  consist  of  the  estimated 
weight  of  the  entire  suspended  structure,  assuming  timber  to  weigh 
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4^  lbs.  per  foot  B.  M.,  and  rails  and  fastenings  loo  lbs.  per  lineal  foot 
of  track. 

FLOOR  SYSTEMS  FOR  RAILWAY  BRIDGES.— The  Amer- 
ican Bridge  Co.'s  Specifications  for  Railway  Bridges,  1901,  include  the 
following  provisions : 

§  8.  Wooden  Floor. — The  floor  shall  consist  of  cross  ties  8  inches 
by  8  inches  if  the  stringers  are  placed  6^  feet  between  centers.  For 
greater  distances  they  are  to  be  proportioned  to  carry  the  maximum 
wheel  load  distributed  over  three  ties,  the  fiber  stress  on  the  timber  not 
to  exceed  1,000  lbs.  per  square  inch.  The  ties  shall  be  spaced  with 
openings  not  exceeding  6  inches,  and  shall  be  notched  down  i  inch, 
and  have  a  full  and  even  bearing  on  stringers. 

§  10.  Guard  Rails. — There  shall  be  guard  timbers  6  inches  by  8 
inches  on  each  side  of  each  track,  with  their  inner  faces  not  less  than 
3  ft.  3  ins.  from  center  of  track.  They  shall  be  notched  i  inch  over 
every  tie,  and  shall  be  fastened  to  every  third  tie  and  at  each  splice 
by  a  f  inch  bolt.  Splices  shall  be  over  floor  timbers  with  half-and-half 
joints  of  6  inches  lap. 

§  II.  The  floor  timbers  and  guards  must  be  continued  over  piers 
and  abutments. 

§  12.  On  curves  the  outer  rails  shall  be  elevated  as  may  be  required. 

§  13.  Dead  Load. — In  determining  the  weight  of  the  structure  for 
the  purpose  of  calculating  stresses,  the  weight  of  timber  shall  be 
assumed  at  4|»lbs.  per  foot  B.  M.,  and  the  weight  of  rails,  spikes  and. 
joints  at  100  lbs.  per  lineal  foot  of  track. 

LIVE  LOADS  FOR  HIGHWAY  BRIDGES.— The  live  loads 
specified  in  the  American  Bridge  Co.'s  Specifications  for  Highway 
Bridges,  and  in  Cooper's  Specifications  for  Steel  Highway  and  Electric 
Railway  Bridges,  1901  edition,  are  the  same  and  are  as  given  in  the 
following  paragraphs,  extracted  from  the  American  Bridge  Co.'s  1901 
Specifications : 

§  24.  Live  Load. — The  bridges  of  the  different  classes  shall  be 
designed  to  carry,  in  addition  to  their  own  weight  and  that  of  the  floor, 
a  moving  load,  either  uniform  or  concentrated,  or  both,  as  specified 
below,  placed  so  as  to  give  ^the  greatest  stress  in  each  part  of  the 
structure. 

Class  A,  City  Bridges. — For  the  floor  and  its  supports,  on  each 
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street  car  track  or  on  any  part  of  the  roadway,  a  concentrated  load  of 
24  tons  on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed  to  occupy 
a  width  of  12  ft.),  and  upon  the  remaining  portion  of  the  floor,  includ- 
ing footwalks,  a  load  of  joo  lbs.  per  square  foot. 

For  the  trusses,  for  spans  up  to  100  ft.,  1,800  lbs.  per  lineal  foot 
of  each  car  track  (assumed  to  occupy  12  ft.  in  width),  and  100  lbs. 
per  square  foot  for  the  remaining  floor  surface;  for  spans  of  200  ft. 
and  over,  1,200  lbs.  for  each  lineal  foot  of  track  and  80  lbs.  per  square 
foot  of  floor ;  proportionately  for  intermediate  spans.     * 

Class  B,  Suburban  or  Interurban  Bridges, — For  the  floor  and  its 
supports  on  any  part  of  the  roadway,  a  concentrated  load  of  12  tons 
on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed  to  occupy  a  width 
of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons 
on  two  axles  10  ft.  centers;  and  upon  the  remaining  portion  of  the 
floor,  including  footwalks,  a  load  of  100  lbs.  per  square  foot. 

For  the  trusses,  for  spans  up  to  100  ft.,  1,800  lbs.  per  lineal  foot 
of  each  car  track  and  80  lbs.  per  square  foot  for  the  remaining  floor 
surface;  for  spans  of  200  ft.  and  over,  1,200  lbs.  for  each  lineal  foot 
of  track  and  60  lbs.  per  square  foot  of  floor ;  proportionately  for  inter- 
mediate spans. 

Class  C.  Heavy  Country  Highway  Bridges. — For  tne  floor  and  its 
supports,  on  any  part  of  the  roadway,  a  concentrated  load  of  12  tons 
on  two  axles  10  ft.  centers  and  5  ft.  gage  (assumed  to  occupy  a  width 
of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  18  tons 
on  two  axles  10  ft.  centers ;  and  upon  the  remaining  portion  of  the  floor, 
including  footwalks,  a  load  of  100  lbs.  per  square  foot. 

For  the  trusses,  same  as  for  Class  B,  except  load  on  car  track  for 
spans  up  to  100  ft.  will  be  1,200  lbs.  and  for  spans  of  200  feet  and  over 
1,000  lbs. 

Class  D.  Ordinary  Country  Highway  Bridges, — For  the  floor  and  its 
supports,  a  load  of  80  lbs.  per  square  foot  of  total  floor  surface  or  6 
tons  on  two  axles  10  ft.  centers  and  5  ft.  gage. 

For  the  trusses,  a  load  of  80  lbs.  per  square  foot  of  total  floor  sur- 
face for  spans  up  to  75  feet ;  and  55  lbs.  for  spans  of  200  ft.  and  over ; 
proportionately  for  intermediate  spans. 

Class  £,.  Bridges  for  Heavy  Electric  Steel  Railways  Only, — For 
the  floor  and  its  supports,  on  each  track  a  load  of  24  tons  on  two  axles 
10  ft.  centers. 

For  the  trusses,  a  load  of  1,800  lbs.  per  lineal  foot  of  each  car 
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track  for  spans  up  to  lOO  ft.;  and  a  load  of  1,200  lbs.  for  spans  of  200 
ft.  and  over;  proportionately  for  intermediate  spans. 

Class  £2-  Bridges  for  Light  Electric  Street  Railways  Only, — For 
the  floor  and  its  supports,  on  each  track  a  load  of  18  tons  on  two  axles 
10  ft.  centers. 

For  the  trusses,  a  load  of  1,260  lbs.  per  lineal  foot  of  each  car  track 
for  spans  up  to  100  ft.;  and  a  load  of  1,000  lbs.  for  spans  of  200  ft. 
and  over;  proportionately  for  intermediate  spans. 

The  Author's  Specifications. — The  k)adings  specified  in  the 
author's  "  Specifications  for  Steel  Highway  Bridges  "  given  in  Appen- 
dix I,  are  the  same  as  specified  by  the  American  Bridge  Co.  and  by 
Cooper,  except  that  ordinary  highway  bridges  are  classified  under  D^ 
and  Do ;  and  Schneider's  loadings  have  been  used  in  place  of  Ej  and  Ej. 

Waddell's  Loadings. — Mr.  J.  A.  L.  Waddell  in  his  Highway 
Bridge  Specifications  divides  highway  bridges  into  three  classes,  viz.: 
Class  A,  bridges  designed  for  heavy  service ;  Class  B,  bridges  designed 
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for  moderately  heavy  loads;  and  Class  C,  bridges  designed  for  light 

country  service.     The  uniform  load  per  square  foot  is  to  be  taken  from 

Fig.  46,  and  in  addition  the  concentrated  loads  given  below  are  to  be 

considered. 

Class  A, — A  road  roller  weighing  30,000  lbs.,  of  which  12,000  lbs. 
are  concentrated  upon  fhe  roller  in  front  of  the  machine  and  9,000 
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lbs.  on  each  of  the  wheels  at  the  rear,  the  distance  between  the  central 
planes  of  these  wheels  being  5  ft.  and  that  between  the  axles  of  the 
wheels  and  the  axle  of  the  front  roller  11  ft.  The  width  of  the  front 
roller  is  to  be  4  ft.  and  that  of  each  rear  wheel  i  ft.  8  ins. 

Class  B, — A  concentrated  load  of  16,000  lbs.,  equally  distributed 
upon  two  pairs  of  wheels,  the  axles  of  which  are  8  ft.  apart,  and  the 
central  planes  of  the  wheels  6  ft.  apart. 

Class  C. — A  concentrated  load  of  10,000  lbs.,  distributed  in  the 
same  manner  as  for  Class  B. 

The  road  roller  is  assumed  to  be  equally  divided  between  all  the 
joists  that  it  can  cover,  and  the  wheel  loads  for  Classes  B  and  C  equally 
between  two  joists. 

LIVE  LOADS  FOR  ELECTRIC  RAILWAY  BRIDGES.— 

The  live  loads  specified  by  Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C. 
E.,  in  his  Specifications  for  Electric  Railway  Bridges  are  as  follows: 

§  II.  Moving  Load. — ^The  moving  load  shall  consist  of  one  of  the 
following  classes: 

Class  A, — On  each  track  a  series  of  concentrations  consisting  of 
two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers, 
while  the  distance  between  centers  of  interior  axles  is  10  ft.,  the  pairs 
of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a 
load  of  40,000  lbs.,  making  a  total  of  160,000  lbs.  Or  a  uniform  load 
of  6,000  lbs.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500 
lbs.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  proportionately 
for  intermediate  spans. 

Class  B. — On  each  track  a  series  of  concentrations  consisting  of 
two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers, 
while  the  distance  between  centers  of  interior  axles  is  10  ft.,  the  pairs 
of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a 
load  of  25,000  lbs.,  making  a  total  load  of  100,000  lbs.  Or  a  uniform 
load  of  3,500  lbs.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to 
2,000  lbs.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  propor- 
tionately for  intermediate  spans. 

Class  C. — On  each  track  a  series  of  concentrations  consisting  of 
two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers, 
while  the  distance  between  centers  of  interior  axles  is  10  ft.,  the  pairs 
of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a 
*load  of  20,000  lbs.,  making  a  total  load  of  80,000  lbs.  Or  a  uniform 
load  of  2,500  lbs.  per  lineal  foot  for  all  spans  up  to  50  ft,  reduced  to 
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1,500  lbs.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  propor- 
tionately for  intermediate  spans. 

LIVE  LOADS  FOR  RAILWAY  BRIDGES.— The  live  loads  on 
railway  bridges  are  properly  a  series  of  moving  concentrated  loads. 
The  loads  may  be  considered  to  consist  of  a  series  of  wheel  loads  due 
to  one  or  more  locomotives,  followed  by  a  uniform  train  load;  or  as  an 
equivalent  uniform  load. 

Concentrated  Loads. — The  most  common  wheel  concentration 
loading  is  Cooper's  Conventional  System,  in  which  two  consolidation 
locomotives  are  followed  by  a  uniform  train  load.    The  spacings  for 
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Fig.  47.    Cooper's  Loadings. 


the  wheels  of  all  loadings  are  constant,  the  loads  on  the  wheels  being 
proportional  in  each  case.  Cooper's  loadings  are  shown  in  Fig.  47.  It 
will  be  seen  that  Cooper's  E  50  loading  has  the  same  wheel  spacings  as 
E  40,  all  loads  being  %  of  the  loads  for  E  40. 

In  bridges  designed  for  Class  E  40  loading  and  under  the  floor 
system  must  in  addition  be  designed  for  two  moving  loads  of  100,- 
000  lbs.  each,  spaced  6'  o"  apart  on  each  track.  The  corresponding 
loads  for  Class  E  50  are  120,000  lbs.  with  the  same  spacing.  The 
American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
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tion  has  adopted  Cooper's  loadings,  except  that  the  special  loads  are 
spaced  7'  o". 

Equivalent  Uniform  Loads. — An  equivalent  uniform  load  is  one 
which  approximately  produces  the  same  stresses  as  are  produced  by 
a  series  of  concentrated  loads.  Tlie  equivalent  uniform  load  for  bend- 
ing moment  in  a  bridge  is  the  uniform  load  that  will  produce  the  same 
bending  moment  at  the  quarter  point  of  a  bridge  as  the  actual  wheel 
loads.  The  equivalent  uniform  loads  for  bridge  trusses  up  to  300  ft. 
span  for  Cooper's  E  40  loading  are  given  in  Fig,  48.  For  a  discussion 
of  the  stresses  in  railway  bridge  trusses,  see  Chapter  VI. 
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Fic  48.    Equivalent  Uniform  Live  Load  for  Cooper's  E  40  Loadimg  por 
Railway  Bridges, 

WIND  LOADS. — The  wind  blows  against  the  bridge  and  causes 
stresses.  The  wind  loads,  as  given  in  Cooper's  Specifications  for  Steel 
Highway  and  Electric  Railway  Bridges,  1901  edition,  are  as  follows: 

I  39.  Wind  Loads. — To  provide  for  wind  stresses  and  vibrations, 
the  top  lateral  bracing  in  deck  bridges,  and  the  bottom  bracing  in 
through  bridges,  shall  be  proportioned  to  resist  a  lateral  force  of  300 
lbs.  for  each  foot  of  the  span ;  150  lbs,  of  this  to  be  treated  as  a  moving 
load. 
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The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral 
bracing  in  through  bridges,  shall  be  proportioned  to  resist  a  lateral 
force  of  150  lbs.  for  each  lineal  foot  of  span.  For  spans  exceeding 
300  ft.,  add  in  each  of  the  above  cases  10  lbs.  additional  for  each 
additional  30  ft. 

§40.  In  trestle  towers  the  bracing  and  columns  shall  be  propor- 
tioned to  resist  the  following  lateral  forces,  in  addition  to  the  stresses 
from  dead  and  live  loads: 

The  trusses  loaded  or  unloaded,  the  lateral  pressures  specified  above 
and  a  lateral  pressure  of  100  lbs.  for  each  vertical  lineal  foot  of  the 
trestle  bents. 

The  wind  loads,  as  given  in  the  American  Bridge  Co.'s  Specifica- 
tions for  Steel  Highway  Bridges,  1901  edition,  are  as  follows : 

§  26.  Wind  Loads. — The  wind  pressure  shall  be  assumed  acting  in 
either  direction  horizontally : 

First, — At  30  lbs.  per  square  foot  on  the  exposed  surface  of  all 
trusses  and  the  floor  as  seen  in  elevation,  in  addition  to  a  horizontal 
live  load  of  150  lbs.  per  lineal  foot  of  the  span  moving  across  the 
bridge. 

Second. — At  50  lbs.  per  square  foot  on  the  exposed  surface  of  all 
trusses  and  the  floor  system.     The  greatest  result  shall  be  assumed  in 

proportioning  the  parts. 

The  wind  loads,  as  given  in  Mr.  C.  C.  Schneider's  Specifications 

for  Electric  Railway  Bridges,  are  as  follows : 

§  13.  Wind  Loads. — ^All  spans  shall  be  designed  for  a  lateral  force 
on  the  loaded  chord  of  200  lbs.  per  lineal  foot,  plus  10  per  cent  of  the 

specified  train  load  on  one  track,  and  200  lbs.  per  lineal  foot  of  the 

unloaded  chord ;  these  forces  being  considered  as  moving.     The  laterals 

throughout  the  unloaded  chord  shall  be  the  same  section  as  required  by 

the  end  panels. 

§  14.  Viaduct  towers  shall  be  designed  for  a  force  of  50  lbs. 
per  square  foot  on  one  and  one-half  the  vertical  projection  of  the 
structure  unloaded ;  or  30  lbs.  per  square  foot  on  the  same  surface,  plus 
400  lbs.  per  lineal  foot  of  structure  applied  7  ft.  above  the  rail  for 
assumed  wind  load  on  trains  when  the  structure  is  either  fully  loaded 
or  loaded  on  either  track  with  empty  cars,  assumed  to  weigh  1,200 
lbs.  per  lineal  foot,  whichever  gives  the  larger  stress. 
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§  15.  Longitudinal  Force. — Longitudinal  bracing  for  viaduct 
towers  and  similar  structures  shall  be  designed  for  a  longitudinal  force, 
applied  at  the  rail,  of  20  per  cent  of  the  live  load. 

§  16.  Centrifugal  Force  of  Train, — Structures  located  on  curves 
shall  be  designed  for  the  centrifugal  force  of  the  live  load  acting  at 
the  top  of  the  rail.  The  centrifugal  force  shall  be  calculated  by  the 
following  formula: 

C  =  (0.043  —  0.003D  )  IV,D, 
where  C  =  centrifugal  force  in  lbs. 

P{^  =  weight  of  train  in  lbs. 
D  =  degree  of  curvature. 

The  wind  loads,  as  given  in  Cooper's  Specifications  for  Steel  Rail- 
way Bridges  and  Viaducts,  1906  edition,  are  as  follows : 

§24.  Wind  Loads. — ^To  provide  for  wind  stresses  and  vibrations 
from  high  speed  trains,  the  top  lateral  bracing  in  deck  bridges,  and  the 
bottom  lateral  bracing  in  through  bridges,  shall  be  proportioned  to  resist 
a  lateral  force  of  600  lbs.  for  each  foot  of  the  span ;  450  lbs.  of  this  to 
be  treated  as  a  moving  load,  and  as  acting  on  a  train  of  cars,  at  a  line 
6  feet  above  base  of  rail. 

The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral 
bracing  in  through  bridges,  shall  be  proportioned  to  resist  a  lateral 
force  of  200  lbs.  for  each  lineal  foot  for  spans  up  to  300  ft.,  and  10  lbs. 
additional  for  each  additional  30  ft. 

§  25.  In  trestle  towers  the  bracing  and  columns  shall  be  propor- 
tioned to  resist  the  following  lateral  forces,  in  addition  to  the  stresses 
from  dead  and  live  loads: 

First. — With  either  one  track  loaded  with  cars  only,  or  with  both 
tracks  loaded  with  maximum  train  load,  the  lateral  forces  specified  in 
§  24 ;  and  a  lateral  force  of  100  lbs.  for  each  vertical  lineal  foot  of  the 
trestle  bents;  or 

Second. — With  both  tracks  unloaded,  a  lateral  force  of  500  lbs.  for 
each  longitudinal  lineal  foot  of  the  structure,  acting  at  the  center  line 
of  the  girders;  and  a  lateral  force  of  200  lbs.  for  each  vertical  Hneal 
foot  of  the  trestle  bents. 

§  26.  For  determining  the  requisite  anchorage  for  a  loaded  struc- 
ture, the  train  shall  be  assumed  to  weigh  1,100  lbs.  per  lineal  foot. 

The  wind  loads,  as  given  in  the  American  Bridge  Co.'s  Specifica- 
tions of  Steel  Railway  Bridges,  1901  edition,  are  as  follows: 
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§  i6.  Wind  Loads. — ^The  wind  pressure  shall  be  assumed  acting  in 
either  direction  horizontally: 

First. — At  30  lbs.  per  square  foot  on  the  exposed  surface  of  all 
trusses  and  the  floor  as  seen  in  elevation,  in  addition  to  a  train  of  10 
ft.  average  height,  beginning  2  ft.  6  ins.  above  base  of  rail,  moving 
across  the  bridge. 

Second. — At  50  lbs.  per  square  foot  on  the  exposed  surface  of  all 
trusses  and  the  floor  system.  The  greatest  result  shall  be  assumed  in 
proportioning  the  parts. 

§  17.  For  determining  the  requisite  anchorage  for  the  loaded  struc- 
ture, the  train  shall  be  assumed  to  weigh  800  lbs.  per  lineal  foot. 

SNOW  LOAD. — Snow  load  is  usually  not  considered  separately. 
In  localities  where  the  snow  is  heavy  the  snow  load  should  be  taken 
into  account.  Loose  and  packed  snow  may  be  assumed  to  weigh  5 
and  12  lbs.  per  cubic  foot,  respectively. 


CHAPTER  III. 
Methods  for  the  Calculation  of  Stresses  in  Framed  Structures. 

Introduction. — Structures  are  acted  upon  by  external  forces,  called 
loads,  the  weight  of  the  structure,  the  reactions  of  the  supports,  the 
force  of  the  wind,  etc.  These  external  forces  are  held  in  equilibrium 
by  internal  forces  called  stresses.  If  a  straight  member  is  acted  upon 
at  its  ends  by  two  equal  external  forces  in  the  direction  of  its  length, 
equilibrium  at  any  right  section  of  the  member  will  be  maintained  by 
internal  forces  called  stresses  acting  on  opposite  sides  of  the  section, 
equal  in  amount,  but  opposite  in  direction  to  the  external  forces.  When 
the  external  forces  tend  to  elongate  the  member,  the  stress  is  tension ; 
when  the  external  forces  tend  to  shorten  the  member,  the  stress  is 
compression ;  while  when  the  external  forces  tend  to  shear  the  member 
off,  the  stress  is  shear.  Strain  is  the  deformation  caused  by  stress; 
the  ratio  of  stress  to  strain  being  equal  to  a  quantity,  usually  a  con- 
stant, called  the  modulus  of  elasticity.  Compressive  stresses  will  be 
considered  as  positive  stresses,  while  tensile  stresses  will  be  considered 
as  negative  stresses. 

Forces  acting  in  a  plane  are  called  coplanar  forces.  Coplanar  forces 
alone  will  be  considered  in  this  chapter.  Forces  meeting  in  a  common 
point  are  called  concurrent  forces,  while  forces  which  do  not  all  meet 
in  a  common  point  are  called  non-concurrent  forces. 

Representation  of  Forces. — A  force  is  determined  when  its  mag- 
nitude, line  of  action  and  direction  are  known.  It  may  be  represented 
algebraically  by  stating  the  number  of  units  in  the  force,  by  giving  the 
coordinates  of  a  point  in  the  line  of  action  of  the  force,  and  by  stating 
the  angle  made  by  the  line  of  action  of  the  force  with  a  line  of  refer- 
ence ;  or  it  may  be  represented  graphically  in  magnitude  by  the  length 
of  a  line,  in  line  of  action  by  the  position  of  the  line,  and  in  direction 
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by  an  arrow  placed  on  the  line  pointing  in  the  direction  in  which  the 
force  acts. 

Equilibrium. — Statics  considers  forces  at  rest,  and  therefore  in 
equilibrium.  To  have  static  equilibrium  in  any  system  of  forces  there 
must  be  neither  translation  nor  rotation,  and  the  following  conditions 
must  be  fulfilled  for  coplanar  forces. 

S horizontal  components  of  forces      =o  (i) 

S  vertical  components  of  forces  =o  (2) 

S  moments  of  forces  about  any  point  =  0  (3) 

Problems  in  statics  can  be  solved  graphically  or  algebraically.  The 
determination  of  the  reactions  of  a  simple  framed  structure  usually 
requires  the  use  of  equations  (i),  (2)  and  (3).  Having  completely 
determined  the  external  forces  the  internal  stresses  may  be  obtained 
by  the  use  of  equations  (i)  and  (2)  (resolution),  or  equation  (3) 
(moments).     These  equations  may  be  solved  by  algebra  or  graphics. 

There  are,  therefore,  four  methods  of  calculating  stresses,  viz.: 


Resolution  of  Forces  ,  _      ,.,,,, 

(Graphic  Method. 


r  Algebraic  Method. 


f  Algebraic  Method. 


Moments  of  Forces  ,  .    , ,    , 

(Graphic  Method. 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by 

using  any  one  of  the  four  methods.     However,  there  is  usually  one 

method  best  suited  to  the  solution  of  each  particular  problem. 

RESOLUTION. — In  calculating  the  stresses  in  a  truss  by  resolu- 
tion the  fundamental  equations  for  equilibrium  for  translation 

S horizontal  components  of  forces  =  0  (i) 

S  vertical  components  of  forces      =0  (2) 

are  applied  to  the  structure  at  the  joints  or  to  sections. 

Force  Triangle. — The  resultant,  R,  of  the  two  forces  P^  and  P^ 
meeting  at  the  point  a  in  Fig.  50  is  represented  in  magnitude  and  direc- 
tion by  the  diagonal,  R,  of  the  parallelogram  a-b-c-d.  The  combining 
of  the  two  forces  P^  and  Pg  i^^to  the  force  R  is  termed  composition  of 
forces.     The  reverse  process  is  called  resolution  of  forces. 
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The  value  of  -R  may  be  found  algebraically  from  the  equation 

R^  =  P^  +  P^  4-  2P1P2  cos  e 

It  is  not  necessary  to  construct  the  entire  force  parallelogram  as 
in  (a)  Fig.  50,  the  force  triangle  (b)  below  or  (c)  above  the  resultant 
R  being  sufficient. 

If  only  one  force  together  with  the  line  of  action  of  the  two  others 
be  given  in  a  system  containing  three  forces  in  equilibrium,  the  magni- 


Rs 


^^-'vy  h  ^^ 


(C) 


tude  and  direction  of  the  two  forces  may  be  found  by  means  of  the 
force  triangle. 

If  the  resultant  R  in  Fig.  50  is  replaced  by  a  force  E  equal  in 
amount  but  opposite  in  direction,  the  system  of  forces  will  be  in  equi- 
librium, (a)  or  (b)  Fig.  51.  The  force  E  is  the  equilibrant  of  the  sys- 
tem of  forces  Pj  and  P^, 

It  is  immaterial  in  what  order  the  forces  are  taken  in  constructing 
the  force  triangle,  as  in  Fig.  51,  as  long  as  the  forces  all  act  in  the  same 


V' 


R   R 


Pa 


(a)  (b) 

Fig.  51. 

direction  around  the  triangle.     The  force  triangle  is  the  foundation  of 
the  science  of  graphic  statics. 


FORCE  POLYGON. 
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Force  Polygon. — If  more  than  three  concurrent  forces  (forces 
which  meet  in  a  point)  are  in  equilibrium  as  in  (a)  Fig.  52,  if^  in  (b) 
will  be  the  resultant  of  P^  and  Pj,  R2  will  be  the  resultant  of  R^  and  Pg, 


(a) 


(b) 


Fig.  52. 


and  will  also  be  the  equilibrant  of  P4  and  Pj.  The  force  polygon  in  (b) 
is  therefore  only  a  combination  of  force  triangles.  The  force  polygon 
for  any  system  of  forces  may  be  constructed  as  follows:  Beginning 
at  any, point  draw  in  succession  lines  representing  in  magnitude  and 
direction  the  given  forces,  each  line  beginning  where  the  preceding  one 
ends.  If  the  polygon  closes,  the  system  of  forces  is  in  equilibrium,  if 
it  does  not  close  the  line  joining  the  first  and  last  points  represents  the 
resultant  in  magnitude  and  direction.  As  in  the  case  of  the  force 
triangle,  it  is  immaterial  in  what  order  the  forces  are  applied  as  long 
as  they  all  act  in  the  same  direction  around  the  polygon.  A  force 
polygon  is  analogous  to  a  traverse  of  a  field  in  which  the  bearings  and 
the  distances  are  measured  progressively  around  the  field  in  either 
direction.  The  conditions  for  closure  in  the  two  cases  are  also 
identical. 

It  will  be  seen  that  any  side  in  the  force  polygon  is  the  equilibrant 
of  all  the  other  sides,  and  that  any  side  reversed  in  direction  is  the 
resultant  of  all  the  other  sides. 

Equilil^rium  of  Concurrent  Forces. — The  necessary  condition  for 
equilibrium  of  concurrent  coplaner  forces  therefore  is  that  the  force 
polygon  close.  This  is  equivalent  to  the  algebraic  condition  that  S 
horizontal  components  of  forces  =  0,  and  S  vertical  components  of 
forces  =  0.     If  the  system  of  concurrent  forces  is  not  in  equilibrium, 
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the  resultant  can  be  found  in  magnitude  and  direction  by  completing 
the  force  polygon.  The  resultant  of  a  system  of  concurrent  forces  is 
always  a  single  force  acting  through  their  point  of  intersection. 

Algebraic  Resolution. — In  calculating  the  stresses  in  a  truss  by 
algebraic  resolution,  the  fundamental  equations  for  equilibrium,  (i) 
and  (2),  for  translation  are  applied  (a)  to  each  joint,  or  (b)  to  the 
members  and  forces  on  one  side  of  a  section  cut  through  the  truss. 

(a)  Forces  at  a  Joint. — The  reactions  having  been  found,  the 
stresses  in  the  members  of  the  truss  shown  in  Fig.  53  are  calculated  as 


fi 
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^ 


(a)  (b)  (c) 

Fig.  S3- 

follows :  Beginning  at  the  left  reaction,  R^,  we  have  by  applying  equa- 
tions (i)  and  (2) 

i-x  sin  6  —  i-y  sin  a  =  o  (4) 

i-x  cos  ^—  i-y  cos  a  —  i?i =0  (5) 

The  stresses  in  members  i-x  and  i-y  may  be  obtained  by  solving 
equations  (4)  and  (5).  The  direction  of  the  forces  which  represent 
the  stresses  in  amount  will  be  determined  by  the  signs  of  the  results;  if 
compressive  stresses  are  assumed  as  positive,  tensile  stresses  will  be 
negative.  Arrows  pointing  toward  the  joint  indicate  that  the  member 
is  in  compression;  arrows  pointing  away  from  the  joint  indicate  that 
the  member  is  in  tension.  The  stresses  in  the  members  of  the  truss  at 
the  remaining  joints  in  the  truss  are  calculated  in  the  same  way. 

The  direction  of  the  forces  and  the  kind  of  stress  can  always  be 
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determined  by  sketching  in  the  force  polygon,  for  the  forces  meeting 
at  the  joint  as  in  (c)  Fig.  53. 

It  will  be  seen  from  the  foregoing  that  the  method  of  algebraic 
resolution  consists  in  applying  the  principle  of  the  force  polygon  to  the 
external  forces  and  internal  stresses  at  each  joint. 


(a) 


(b) 


(C) 


Fig.  54- 


Since  we  have  only  two  fundamental  equations  for  translation 
(resolution)  we  can  not  solve  a  joint  if  there  are  more  than  two  forces 
or  stresses  unknown. 

Where  the  lower  chord  of  the  truss  is  horizontal  as  in  Fig.  54,  we 
have  by  applying  fundamental  equations  (i)  and  (2)  to  the  joint  at 
the  left  reaction 

i-;r  =  +  i?i  sec  ^  (6) 


i-y  =  —  R^t2in6 


(7) 


the  plus  sign  indicating  compression  and  the  minus  sign  tension.  Equa- 
tions (6)  and  (7)  may  be  obtained  directly  from  force  triangle  (c). 

(b)  Forces  on  One  Side  of  a  Section, — The  principle  of  resolution 
of  forces  may  be  applied  to  the  structure  as  a  whole  or  to  a  portion  of 
the  structure. 

If  the  truss  shown  in  Fig.  55  is  cut  by  the  plane  A-A,  the  internal 
stresses  and  external  forces  acting  on  either  segment,  as  in  (b)  will  be 
in  equilibrium.  The  external  forces  acting  on  the  cut  members  as 
shown  in  (b)  are  equal  to  the  internal  stresses  in  the  cut  members  and 
are  opposite  in  direction. 


52 


CALCULATION    OF    STRESSES    IN    FRAMED    STRUCTURES. 


Applying  equations  (i)  and  (2)  to  the  cut  section 

3-y +  2-3cosa  —  2-jrsin^  =  o 
2-3  sin  a  —  2-jr  cos  ^  +  i?i — Pi  =0 


(8) 

(9) 


Now,  if  all  but  two  of  the  external  forces  are  known,  the  unknowns 
may  be  found  by  solving  equations  (8)  and  (9).     If  more  than  two 


(O) 


Fig.  ss. 


(b) 


external  forces  are  unknown  the  problem  is  indeterminate  as  far  as 
equations  (8)  and  (9)  are  concerned. 

U,       X2      Ui      X^  Xz  ^  Xz  \ 


5h€ar^FrP\  /    (cf) 


3fr933  Z'3'3hear/tt  fhne/x  sec& 


Fig.  56. 


In  the  Warren  truss  in  Fig.  56  the  stresses  at  a  joint  may  be  calcu- 
lated by  completing  the  force  polygon  as  at  the  left  reaction  in  (b) 
Fig.  54.     Applying  equations  (i)  and  (2)  to  a  section  as  in  (c) 


2-x  +  2-3  sin  6  —  3-v  =  o 


(10) 


— 2-3COS  tf— p + /?, =0 


(") 
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Now,  Ri  —  P= shear  in  the  panel.  Therefore  the  stress  in  2-3  =  — 
(Ri  —  P)  sec  ^=  shear  in  panel  X  sec^.  This  analysis  leads  directly 
to  the  method  of  coefficients  as  explained  in  detail  in  Chapter  V. 


Joint  Lp 
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O      4000    8000   leooo 

Y       * ' 1 I 


(i*  (j) 
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Fig.  57. 

Graphic  Resolution. — In  Fig.  57  the  reactions  R^  and  R2  are 
found  by  means  of  the  force  and  equilibrium  polygons  as  shown  in  (b) 
and  (a).  The  principle  of  the  force  polygon  is  then  applied  to  each 
joint  of  the  structure  in  turn.     Beginning  at  the  joint  Z-o  the  forces 
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are  shown  in  (c),  and  the  force  triangle  in  (d).  The  reaction  R^  is 
known  and  acts  upward,  the  upper  chord  stress  i-x  acts  downward  to 
the  left,  and  the  lower  chord  stress  1-3;  acts  to  the  right  closing  the 
polygon.  Stress  i-x  is  compression  and  stress  i-y  is  tension,  as  can 
be  seen  by  applying  the  arrows  to  the  members  in  (c).  The  force 
polygon  at  joint  Ui  is  then  constructed  as  in  (f).  Stress  i-x  acting 
toward  joint  U^  and  load  P^  acting  downward  are  known,  and  stresses 
1-2  and  2-x  are  found  by  completing  the  polygon.  Stresses  2-'X  and 
1-2  are  compression.  The  force  polygons  at  joints  Lj  and  U^  are  con- 
structed, in  the  order  given,  in  the  same  manner.  The  known  forces 
at  any  joint  are  indicated  in  direction  in  the  force  polygon  by  double 
arrows,  and  the  unknown  forces  are  indicated  in  direction  by  single 
arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are 
the  same  as  in  the  left,  and  the  force  polygons  are,  therefore,  not  con- 
structed for  the  right  segment.  The  force  polygons  for  all  the  joints 
of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).  Com- 
pression in  the  stress  diagram  and  truss  is  indicated  by  arrows  acting 
toward  the  ends  of  the  stress  lines  and  toward  the  joints,  respectively, 
and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  the 
stress  lines  and  away  from  the  joints,  respectively.  The  first  time  a 
stress  is  used  a  single  arrow,  and  the  second  time  the  stress  is  used  a 
double  arrow  is  used  to  indicate  direction.  It  will  be  seen  that  the 
upper  chords  are  in  compression,  while  the  lower  chord  is  in  tension. 
The  stress  diagram  in  (k)  Fig.  57  is  called  a  "  Maxwell  diagram  "  or 
a  "  reciprocal  polygon  diagram." 

The  notation  used  is  known  as  Bow's  notation,  in  which  points  in 
the  truss  diagram  become  areas  in  the  stress  diagram,  and  areas  in  the 
truss  diagram  become  points  in  the  stress  diagram.  The  method  of 
graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  simple  framed  structures  with  inclined 
chords. 

For  the  analysis  of  the  stresses  in  roof  trusses,  see  the  author's 
book,  "  The  Design  of  Steel  Mill  Buildings." 
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Warren  Bridge  Truss. — In  Fig.  58  the  dead  load  stresses  in  a 
Warren  bridge  truss  loaded  on  the  lower  chord,  are  calculated  by  the 
method  of  graphic  resolution.  In  the  stress  diagram  the  loads  are 
laid  oflf  from  the  bottom  upwards.     The  details  of  the  solution  can 
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easily  be  followed  by  reference  to  Fig.  58  and  Fig.  57.  It  will  be  seen 
that  the  upper  chord  of  the  truss  is  in  compression,  while  the  lower 
chord  is  in  tension. 

MOMENTS. — In  calculating  the  stresses  in  a  truss  by  moments, 
the  fundamental  equation  for  equilibrium  for  rotation 

5  moments  about  any  point  =  0  (3) 

is  applied  to  parts  of  the  structure.  Equation  (3)  may  be  solved 
either  by  algebra  or  by  graphics.  Before  applying  equation  (3)  to  the 
parts  of  a  structure  it  will  be  necessary  to  discuss  a  few  fundamental 
principles. 
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Equilibrium  of  Non-concurrent  Forces. — If  the  forces  are  non- 
concurrent  (do  not  all  meet  in  a  common  point),  the  condition  that 
the  force  polygon  close  is  a  necessary,  but  nota  sufficient  condition  for 
equilibrium.  For  example,  take  the  three  equal  forces  P^,  Pj  ^^^  ^8» 
making  an  angle  of  120°  with  each  other  as  in  (a)  Fig.  59. 


Resultant  Moment 


(a) 


PositivB  Moment 
Moment«+Ph 


NeqoTive  Moment 
Moment— Ph 

(C) 


Fig.  59. 


The  force  polygon  (b)  closes,  but  the  system  is  not  in  equilibrium. 
The  resultant,  R,  of  P,  and  P,  acts  through  their  intersection  and  is 
parallel  to  Pj,  but  is  opposite  in  direction.  The  system  of  forces  is  in 
equilibrium  for  translation,  but  is  not  in  equilibrium  for  rotation. 

The  resultant  of  this  system  is  a  couple  with  a  moment  =  —  Pi'h, 
moments  clockwise  being  considered  negative  and  counter-clockwise 
positive,  (c)  Fig.  59.  The  equilibrant  of  the  system  in  (a)  Fig.  59  is 
a  couple  with  a  moment  =  -\-  Pj^-h, 

A  couple, — A  couple  consists  of  two  parallel  forces  equal  in  amount, 
but  opposite  in  direction.  The  arm  of  the  couple  is  the  perpendicular 
distance  between  the  forces.  The  moment  of  a  couple  is  equal  to  one 
of  the  forces  multiplied  by  the  arm.  The  moment  of  a  couple  is  con- 
stant about  any  point  in  the  plane  and  may  be  represented  graphically 
by  twice  the  area  of  the  triangle  having  one  of  the  forces  as  a  base  and 
the  arm  of  the  couple  as  an  altitude.    The  moment  of  a  force  about 
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any  point  may  be  represented  graphically  by  twice  the  area  of  a  tri- 
angle, as  shown  in  (c)  Fig.  59. 

It  will  be  seen  from  the  preceding  discussion,  that  in  order  that  a 
system  of  non-concurrent  forces  be  in  equilibrium  it  is  necessary  that 
the  resultant  of  all  the  forces  save  one  shall  coincide  with  the  one  and 
be  opposite  in  direction.  Three  non-concurrent  forces  can  not  be  in 
equilibrium  unless  they  are  parallel.  The  resultant  of  a  system  of  non- 
concurrent  forces  may  be  a  single  force  or  a  couple. 

Equilibrium  Polygon.  First  Method. — In  Fig.  60  the  resultant, 
a,  of  Pi  and  Pj  acts  through  their  intersection  and  is  equal  and  parallel 
to  a  in  the  force  polygon  (a)  ;  the  resultant,  b,  of  a  and  F,  acts  through 


Fig.  60. 

their  intersection  and  is  equal  and  parallel  to  b  in  the  force  polygon; 
the  resultant,  c,  of  b  and  P^  acts  through  their  intersection  and  is  equal 
and  parallel  to  c  in  the  force  polygon ;  and  finally  the  resultant,  R,  of  c 
and  Pg  acts  through  their  intersection  and  is  equal  and  parallel  to  R 
in  the  force  polygon.  R  is  therefore  the  resultant  of  the  entire  system 
of  forces.  If  i?  is  replaced  by  an  equal  and  opposite  force,  E,  the  sys- 
tem of  forces  will  be  in  equilibrium.  Polygon  (a)  in  Fig.  60  is  called 
a  force  polygon  and  (b)  is  called  a  "  funicular"  or  an  "  equilibrium" 
polygon.     It  will  be  seen  that  the  magnitude  and  direction  of  the  resul- 
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tant  of  a  system  of  forces  is  given  by  the  closing  line  of  the  force 
polygon,  and  the  line  of  action  is  given  by  the  equilibrium  polygon. 

The  force  polygon  in  (a)  Fig.  6i  closes  and  the  resultant,  R,  of 
the  forces  P^,  P^,  P^,  P^,  P^  is  parallel  and  equal  to  Pg,  and  is  opposite 


Resultant  Moment 
=  -P6h 

Fig.  6i. 

in  direction.  The  system  is  in  equilibrium  for  translation,  but  is  not  in 
equilibrium  for  rotation.  The  resultant  is  a  couple  with  a  moment 
=  —  Pf^'h,  The  equilibrant  of  the  system  of  forces  will  be  a  couple 
with  a  moment  =-\-P^'h.  From  the  preceding  discussion  it  will  be 
seen  that  if  the  force  polygon  for  any  system  of  non-concurrent  forces 
closes  the  resultant  will  be  a  couple.  If  there  is  perfect  equilibrium 
the  arm  of  the  couple  will  be  zero. 

Second  Method, — Where  the  forces  do  not  intersect  within  the 
limits  of  the  drawing  board,  or  where  the  forces  are  parallel,  it  is  not 
possible  to  draw  the  equilibrium  polygon  as  shown  in  Fig.  60  and  Fig. 
61,  and  the  following  method  is  used: 

The  point  0,  (a)  Fig.  62,  which  is  called  the  pole  of  the  force  poly- 
gon, is  selected  so  that  the  strings  a-o,  h-o,  c-o,  d-o  and  e-o  in  the  equi- 
librium polygon  (b),  which  are  drawn  parallel  to  the  corresponding 
rays  in  the  force  polygon  (a),  will  make  good  intersections  with  the 
forces  which  they  replace  or  equilibrate. 

In  the  force  polygon  (a),  F^  is  equilibrated  by  the  imaginary  forces 
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represented  by  the  rays  o-u  and  b-o,  acting  as  indicated  by  tlie  arrows 
within  the  triangle;  Fg  is  equilibrated  by  the  imaginary  forces  repre- 
sented by  the  rays  o-b  and  c-o,  acting  as  indicated  by  the  arrows  within 
the  triangle ;  Fg  is  equilibrated  by  the  imaginary  forces  represented  by 
the  rays  o-i:  and  d-o,  acting  as  indicated  by  the  arrows  within  the  tri- 
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Fig.  62. 

angle;  and  P^  is  equilibrated  by  the  imaginary  forces  o-d  and  e-o, 
acting  as  indicated  by  the  arrows  within  the  triangle.  The  imaginary 
forces  are  all  neutralized  except  a-o  and  o-e,  which  are  seen  to  be 
components  of  the  resultant,  R. 

To  construct  the  equilibrium  polygon,  take  any  point  on  the  line  of 
action  of  P^  and  draw  strings  o-a  and  o-b  parallel  to  rays  o-a  and  o-b, 
b-o  is  the  equilibrant  of  o-a  and  P^ ;  through  the  intersection  of  string 
o-b  and  P^  draw  string  c-o  parallel  to  ray  c-o,  c-o  is  the  equilibrant  of 
o-b  and  Pg  >  through  the  intersection  of  string  c-o  and  Pg  draw  string 
d-o  parallel  to  ray  d-o,  d-o  is  the  equilibrant  of  c-o  and  Pg ;  and  through 
the  intersection  of  string  d-o  and  P^  draw  string  e-o  parallel  to  ray  e-o, 
e-o  is  the  equilibrant  of  d-o  and  P^.  Strings  o-a  and  e-o  acting  as 
shown  are  components  of  the  resultant,  R,  which  will  be  parallel  to  R 
in  the  force  polygon  and  acts  through  the  intersections  of  strings 
o-a  and  e-o. 

The  imaginary  forces  represented  by  the  rays  in  the  force  polygon 
may  be  considered  as  components  of  the  forces  and  the  analysis  made 
on  that  assumption  with  equal  ease. 
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It  is  immaterial  in  what  order  the  forces  are  taken  in  drawing 
the  force  polygon,  as  long  as  the  forces  all  act  in  the  same  direction 
around  the  force  polygon,  and  the  strings  meeting  on  the  lines  of  the 
forces  in  the  equilibrium  polygon  are  parallel  to  the  rays  drawn  to  the 
ends  of  the  same  forces  in  the  force  polygon. 

The  imaginary  forces  a-o,  b-o,  c--o,  d-o,  e-o  are  represented  in 
magnitude  and  in  direction  by  the  rays  of  the  force  polygon  to  the  same 
scale  as  the  forces  Pj,  Pg*  ^8>  ^4-  The  strings  of  the  equilibrium  poly- 
gon represent  the  imaginary  forces  in  line  of  action  and  direction,  but 
not  in  magnitude. 

Graphic  Moments. — In  Fig.  63  (b)  is  a  force  polygon  and  (a) 
is  an  equilibrium  polygon  for  the  system  of  forces  P^,  P,,  P3,  P^. 
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Draw  the  line  M-N  =  y,  parallel  to  the  resultant,  R,  and  with  ends  on 
strings  o-e  and  o-a  produced.  Let  r  equal  the  altitude  of  the  triangle 
L-M-N,  and  H  equal  the  altitude  of  the  similar  triangle  o-e-a.  H  is 
the  pole  distance  of  the  resultant,  R. 

Now,  in  the  similar  triangles  L-M-N  and  o-^-a 

R:y::H:r 
and 

R'r  =  H'y 

But  i?T  =  A/  =  moment  of  resultant  R  about  any  point  in  the  line 
M-N  and  therefore 
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The  statement  of  the  principle  just  demonstrated  is  as  follows: 
The  moment  of  any  system  of  coplanar  forces  about  any  point  in  the 
plane  is  equal  to  the  intercept  on  a  line  drawn  through  the  center  of 
moments  and  parallel  to  the  resultant  of  all  the  forces,  cut  off  by  the 
strings  which  meet  on  the  resultant,  multiplied  by  the  pole  distance  of 
the  resultant.  It  should  be  noted  that  in  all  cases  the  intercept  is  a 
distance  and  the  pole  distance  is  a  force. 

This  property  of  the  equilibrium  polygon  is  frequently  used  in  cal- 
culating the  bending  moments  in  beams  and  trusses  which  are  loaded 
with  vertical  loads. 

Bending  Moments  in  a  Beam. — It  is  required  to  find  the  moment 
at  the  point  M  in  the  simple  beam  loaded  as  in  (b)  Fig.  64.     The 
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Fig.  64. 


moment  at  M  will  be  the  algebraic  sum  of  the  moments  of  the  forces 
to  the  left  of  M.  The  moment  of  P^=^H  X^B-C,  the  moment  of 
P^  =  HX  C-D  and  the  moment  of  i?i  =  —  //  X  B-A.  The  moment 
at  M  will  therefore  be 

M^  =  H  X  B-C  +  HX  C-D  —  HX  B^A=  —  H  X  A-^D^  —  H-y 
The  moment  of  the  forces  to  the  right  of  M  may  in  like  manner  be 
showmito  be 
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In  like  manner  the  bending  moment  at  any  point  in  the  beam  may  be 
shown  to  be  the  ordinate  of  the  equihbrium  polygon  multiplied  by  the 
pole  distance.  The  ordinate  is  a  distance  and  is  measured  by  the  same 
scale  as  the  beam,  while  the  pole  distance  is  a  force  and  is  measured 
by  the  same  scale  as  the  loads. 

Equilibrium  Polygon  as  a  Framed  Structure. — In  (a)   Fig  65 
the  rigid  triangle  supports  the  load  Pi.     Construct  a  force  polygon  by 


(a) 
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drawing  rays  a-i  and  c-i  in  (b)  parallel  to  sides  o-i  and  c-i,  respec- 
tively, in  (a),  and  through  pole  i  draw  i-b  parallel  to  side  i-fe  in  (a). 
The  reactions  R^  and  R2  will  be  given  by  the  force  polygon  (b),  and 
the  rays  i-a,  i-c  and  i~6  represent  the  stresses  in  the  members  i-a, 
i-r  and  i-b,  respectively,  in  the  triangular  structure.  The  stresses  in 
i-a  and  i-c  are  compression  and  the  stress  in  i-b  is  tension,  forces 
acting  toward  the  joint  indicating  compression  and  forces  acting  away 
from  the  joint  indicating  tension.  Triangle  (a)  is  therefore  an  equi- 
librium polygon,  and  polygon  (b)  is  a  force  polygon  for  the  force  P^. 
From  the  preceding  discussion  it  will  be  seen  that  the  internal 
stresses  at  any  point  or  in  any  section  hold  in  equilibrium  the  external 
forces  meeting  at  the  point,  or  on  either  side  of  the  section. 

Algebraic  Moments.  Stresses  in  a  Roof  Truss. — The  reactions 
may  be  found  by  applying  the  fundamental  equations  of  equilibrium 
to  the  structure  as  a  whole.  In  the  truss  in  (a)  Fig.  66  by  taking 
moments  about  the  right  reaction  we  have 
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Fig.  66. 


To  find  the  stresses  in  the  members  of  the  truss  in  (a)  Fig.  66, 
proceed  as  follows:  Cut  the  truss  by  means  of  plane  A-A,  as  in  (b), 
and  replace  the  stresses  in  the  members  cut  away  with  external  forces. 
These  forces  are  equal  to  the  stresses  in  the  members  in  amount,  but 
opposite  in  direction,  and  produce  equilibrium. 

To  obtain  stress  4-x  take  center  of  moments  at  Lg,  and  take  mo- 
ments of  external  forces 

4-xXa  +  P,X  d  —  R,  X  2d  =  o 
4-;r  =s  — * ' —  a=  — -^  (compression) 


a 


a 


To  obtain  stress  in  4-5  take  center  of  moments  at  L^,  and  take 
moments  of  external  forces 


4-5X&  — 2PiX%d=o 


64  CALCULATION    OF   STRESSES    IN    FRAMED    STRUCTURES. 

4-5  =     i —  (tension) 

To  obtain  the  stress  in  5-y  take  center  of  moments  at  joint  t/,  in 
(c),  and  take  moments  of  external  forces 

5_y  X  A  — i?,  X  3d  +  3^t-rf=o 
5_y  =  "   '      ^.  ^  '     =  ^>-p  (tension) 

To  Determine  Kind  of  Stress. — If  the  unknown  external  force  is 
always  taken  as  acting  from  the  outside  toward  the  cut  section,  i.  e,, 
is  always  assumed  to  cause  compression,  the  sign  of  the  result  will 
indicate  the  kind  of  stress.  A  plus  sign  will  indicate  that  the  assumed 
direction  was  correct  and  that  the  stress  is  compression,  while  a  minus 
sign  will  indicate  that  the  assumed  direction  was  incorrect  and  that  the 
stress  is  tension. 

In  calculating  stresses  by  algebraic  moments,  therefore,  always 
observe  the  following  rule : 

Assume  the  unknown  external  force  as  acting  from  the  outside 
toward  the  cut  section;  a  plus  sign  for  the  result  will  then  show  that 
the  stress  in  the  member  is  compression,  and  a  minus  sign  will  indicate 
that  the  stress  in  the  member  is  tension. 

The  stresses  in  the  web  members  3-4,  2-3,  1-2,  are  found  by  taking 
moments  about  joint  L^  as  a  center.  The  stresses  in  ^-3  and  y-i  are 
found  by  taking  moments  about  joints  U^  and  U^,  respectively;  and  the 
stresses  in  x-2  and  x-i  are  found  by  taking  moments  about  joint  L^. 

The  method  of  algebraic  moments  is  the  most  common  method  used 
for  calculating  the  stresses  in  bridge  trusses  with  inclined  chords,  and 
similar  frameworks  which  carry  moving  loads. 

Stresses  in  a  Bridge  Truss. — Calculate  reaction  R^  by  taking 
moments  of  the  vertical  forces  about  joints  L/.  Then  /?i  X  L=6PL/2, 
and  /?i  =  3P  =  i?2-  To  calculate  the  stress  in  any  member  in  the  truss, 
pass  a  section  cutting  the  member  in  which  the  stress  is  required,  and 
cutting  away  the  truss  on  one  side  of  the  section.     The  stresses  in  the 
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members  cut  away  are  assumed  as  replaced  by  external  forces  acting 
in  the  line  of  the  member  and  equal  to  the  stresses  in  amount. 

To  calculate  the  stresses  take  the  center  of  moments  so  that  there 
will  be  but  one  unknown  stress.  The  solution  of  the  equation  of 
moments  about  this  center  of  moments  will  give  the  required  stress. 
To  calculate  the  stress  in  4-5  in  (b)  Fig.  67,  pass  the  section  a-a, 
cutting  away  the  right  side  of  the  truss,  and  take  the  center  of  moments 
at  the  intersection  of  the  top  and  bottom  chords.     Now  5-x  and  4-jr 


act  through  the  center  of  moments  and  produce  no  moment  The 
moment  of  the  stress  in  4-5  acting  from  the  outside  toward  the  cut 
section  with  an  arm  c,  holds  in  equilibrium  the  reaction  R„  and  the  two 
loads,  P.  The  sign  of  the  result  will  determine  the  kind  of  stress, 
minus  for  tension  and  plus  for  compression.  To  calculate  the  stress  in 
the  top  chord  t/jt/,,  pass  section  bTb  in  (c)  and  take  moments  about 
joint  Lj. 
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Graphic  Moments. — The  bending  moment  at  any  point  in  a  truss 
may  be  found  by  means  of  a  force  and  equilibrium  polygon  as  in  (b) 
and  (a)  Fig.  68.  To  determine  the  stress  in  ^-x,  cut  section  A-A  and 
take  moments  about  joint  Lj  as  in  Fig.  68.    The  moment  of  the  exter- 


1  R^v^^-'-H  — ^ 


(a) 


(b) 


Fig.  68. 


nal  forces  on  the  left  of  L,  will  be  Mj = — ^y%i  and  stress 

4-.r  =  —  MJa  =  +  H  -yja 
To  obtain  stress  in  4-5  take  center  of  moments  at  joint  L^^and  stress 

To  obtain  stress  in  5-ytake  center  of  moments  at  joint  C7j„and  stress 

The  method  of  graphic  moments  is  principally  used  to  explain 
other  methods  and  is  little  used  as  a  direct  method  of  calculation. 


CHAPTER  IV. 

Stresses  in  Beams. 

Introduction. — Simple  and  cantilever  beams,  only,  will  be  consid- 
ered in  this  chapter.  For  the  calculation  of  stresses  in  continuous 
beams,  see  the  author's  "  Steel  Mill  Biiildings,"  Qiapter  XVa. 

Reactions  of  a  Simple  Beam. — A  force  and  an  equilibrium  polygon 
may  be  used  to  obtain  the  reactions  of  a  beam  loaded  with  a  load  P,  as 
in  Fig.  70. 

The  force  polygon  (b)  is  drawn  with  a  pole  O  at  any  convenient 
point,  and  rays  0-a  and  0-c  are  drawn.    Now  from  the  fundamental 
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conditions  for  equilibrium  for  translation  we  have  P=^R^-{-R^,  At 
any  convenient  point  in  the  line  of  action  of  P,  draw  the  strings  0-a 
and  0-c  parallel  to  the  rays  0-a  and  0-c,  respectively,  in  the  force 
polygon.  The  imaginary  forces  a-0  and  0-c  acting  as  shown,  equili- 
brate the  force  P.  The  imaginary  force  a-0  acting  in  a  reverse  direc- 
tion, as  shown,  is  an  equilibrant  of  R^,  and  the  imaginary  force  c-0, 
acting  in  a  reverse  direction,  is  an  equilibrant  of  R2*  The  remaining 
equilibrant  of  i?i  and  of  R^  must  coincide  and  be  equal  in  amount,  but 
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Opposite  in  direction.  The  string  6-0  is  the  remaining  equilibrant  of 
i?i  and  also  of  R2,  and  is  called  the  closing  line  of  the  equilibrium  poly- 
gon. The  ray  6-0  drawn  parallel  to  the  string  b-0  divides  P  in  two 
parts,  which  are  equal  to  the  reactions  R^  and  T^j- 

Reactions  of  a  Cantilever  Beam. — As  a  second  example  let  it  be 
required  to  find  the  reactions  of  the  overhanging  beam  shown  in  Fig.  71. 
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Fig.  71. 


Construct  a  force  polygon  with  pole  O,  as  in  (b),  and  draw  an  equi- 
librium polygon,  as  in  (a).  The  ray  0-d,  drawn  parallel  to  the  closing 
line  0-d  in  (a),  determines  the  reactions.  In  this  case  reaction  R^  is 
negative.  It  should  be  noted  that  the  closing  line  in  an  equilibrium 
polygon  must  have  its  ends  on  the  two  reactions. 

The  ordinate  to  the  equilibrium  polygon  at  any  point,  multiplied 
by  the  pole  distance,  H,  will  give  the  bending  moment  in  the  beam  at 
a  point  immediately  above  it. 

Moments   and   Shears   in   Beams:   Concentrated   Loads. — The 

bending  moments  in  the  beam  in  Fig.  72  may  be  found  by  constructing 
the  force  polygon  (a)  and  the  equilibrium  polygon  (b)  as  shown. 

The  bending  moment  at  any  point  is  then  equal  to  the  ordinate  to 
the  equilibrium  polygon  at  that  point,  multiplied  by  the  pole  distance, 
H.  The  ordinate  is  to  be  measured  to  the  same  scale  as  the  beam,  and 
the  pole  distance,  H,  is  to  be  measured  to  the  same  scale  as  the  loads  in 
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the  force  polygon.     The  ordinate  is  a  distance  and  the  pole  distance  is 
a  force. 

Or,  if  the  scale  to  which  the  beam  is  laid  off  be  multiplied  by  the 
pole  distance  measured  to  the  scale  of  the  loads,  and  this  scale  be  used 
in  measuring  the  ordinates,  the  ordinates  will  be  equal  to  the  bending 
moments  at  the  corresponding  points.  This  is  the  same  as  making  the 
pole  distance  equal  to  unity.     Diagram  (b)  is  called  a  moment  diagram. 
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Fig.  72. 

Between  the  left  support  and  the  first  load  the  shear  is  equal  to 
R,;  between  the  loads  P,  and  F^  the  shear  equals  R,  —  P^;  between 
the  loads  P^  and  P,  the  shear  equals  R,  —  F,  —  P^;  between  the  loads 
Pa  and  P,  the  shear  equals  R^  —  P^~P^  —  P^;  and  between  load  P, 
and  the  right  reaction  the  shear  equals  i?,  —  P,  —  Pj  —  P,  —  P,^  — 
Rj.  At  load  Pj  the  shear  changes  from  positive  to  negative.  Diagram 
(c)  is  called  a  shear  diagram.  It  will  be  seen  that  the  maximum  ordi- 
nate in  the  moment  diagram  comes  at  the  point  of  zero  shear. 

The  bending  moment  at  any  point  in  the  beam  is  equal  to  the 
algebraic  sum  of  the  shear  areas  on  either  side  of  the  point  in  question. 
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From  this  we  see  that  the  shear  areas  on  each  side  of  Pg  must  be  equal. 
This  property  of  the  shear  diagram  depends  upon  the  principle  that  the 
bending  moment  at  any  point  in  a  simple  beam  is  the  definite  integral  of 
the  shear  between  either  point  of  support  and  the  point  in  question. 
This  will  be  taken  up  again  in  the  discussion  of  beams  uniformly  loaded, 
which  will  now  be  considered. 

Moments  and  Shears  in  Beams:  Uniform  Loads. — In  the  beam 
loaded  with  a  uniform  load  of  w  lbs.  per  lineal  foot  shown  in  Fig.  73, 
the  reaction  Ri=:R2=^iwL.  At  a  distance  x  from  the  left  support, 
the  bending  moment  is 


M  =  Ri'X  —  W'X^/2  =  iw(L'X  —  x^) 


(13) 


which  IS  the  equation  of  the  common  parabola. 

The  parabola  may  be  constructed  by  means  of  the  force  and  equi- 
librium polygons,  by  assuming  that  the  uniform  load  is  concentrated  at 
points  in  the  beam,  as  is  assumed  in  a  bridge  truss,  and  then  drawing 
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the  force  and  equilibrium  polygons  in  the  usual  way,  as  in  Fig.  73. 
The  greater  the  number  of  segments  into  which  the  uniform  load  is 
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divided,  the  more  nearly  will  the  equilibrium  polygon  approach  the 
bending  moment  parabola. 

The  parabola  may  be  constructed  without  drawing  the  force  and 
equilibrium  polygons  as  follows :  Lay  off  ordinate  m-^  =  n-p  =  bend- 
ing moment  at  center  of  beam^Jzi/L^.  Divide  a-p  and  b-p  into  the 
same  number  of  equal  parts  and  number  them  as  shown  in  (b).  Join 
the  points  with  like  numbers  by  lines,  which  will  be  tangents  to  the 
required  parabola.  It  will  be  seen  in  Fig.  73  that  points  on  the  para- 
bola are  also  obtained. 

The  shear  at  any  point  x  will  be 

S  =  R^  —  wx=^\W'L  —  W'X=^w{L/2  —  x)  (14) 

which  is  the  equation  of  the  inclined  line  shown  in  (c)  Fig.  73.  The 
shear  at  any  point  is  therefore  represented  by  the  ordinate  to  the  shear 
diagram  at  the  given  point. 

Property  of  the  Shear  Diagram, — Integrating  the  equation  for  shear 
between  the  limits,  ;r  =  o  and  x  =  x,  we  have 

rSdx^  I    w{L\2'^x)dx^\w{L'X'- 7^ 

which  is  the  equation  for  the  bending  moment  at  any  point,  x,  in  the 
beam,  and  is  also  the  area  of  the  shear  diagram  between  the  limits 
given.  From  this  we  see  that  the  bending  moment  at  any  point  in  a 
simple  beam  uniformly  loaded,  is  equal  to  the  area  of  the  shear  diagram 
to  the  left  of  the  point  in  question.  The  bending  moment  is  also  equal 
to  the  algebraic  sum  of  the  shear  areas  on  either  side  of  the  point. 

Beam  With  Partial  Uniform  Load. — The  beam  in  Fig.  74  is 
loaded  with  a  load  zv  extending  over  a  length  h.  The  bending  moments 
between  the  left  end  of  the  uniform  load  and  the  left  reaction  is 
R^'Xy  represented  by  the  ordinates  to  the  straight  line  A-\  in  (a)  ;  the 
bending  moments  in  that  part  of  the  beam  covered  by  the  uniform  load 
is  represented  by  ordinates  to  the  curved  line  1-2;  while  the  bending 
moments  to  the  right  of  the  uniform  load  are  represented  by  ordinates 
to  the  straight  line  2-B.    The  ordinates  from  the  straight  line  1-2  to 
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the  curve  1-2  are  the  same  as  for  a  simple  beam  with  a  span  b  loaded 
with  a  uniform  load  w.     The  shear  diagram  is  shown  in  (b).     It  will 
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Fig.  74. 


be  seen  that  the  maximum  bending  moment  comes  at  the  point  of  zero 
shear. 

Uniform  Moving  Loads. — Let  the  beam  in  Fig.  75  be  loaded  with 
a  uniform  load  of  p  lbs.  per  lineal  foot,  which  can  be  moved  on  or  off 
the  beam. 

To  find  the  position  of  the  moving  load  that  will  produce  a  max- 
imum moment  at  a  point  a  distance  a  from  the  left  support,  proceed 
as  follows:  Let  the  end  of  the  uniform  load  be  at  a  distance  x  from 
the  left  reaction.    Then  taking  moments  about  R^  we  have 


and  the  moment  at  the  point  whose  abscissa  is  a  will  be 


OS) 


M=^R^a  — 
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(16) 


Differentiating  (16)  with  respect  to  x,  and  placing  the  derivative  of  M 
equal  to  zero,  we  have  after  solving 


.r  =  o 


C17) 
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Therefore  the  maximum  moment  at  any  point  in  a  beam  will  occur 
when  the  beam  is  fully  loaded. 

The  bending  moment  diagram  for  a  beam  loaded  with  a  uniform 
moving  load  is  constructed  as  in  Fig.  73. 

To  find  the  position  of  the  moving  load  for  maximum  shear  at  any 
point  in  a  beam  loaded  with  a  moving  uniform  load,  proceed  as  follows : 
The  left  reaction  when  the  end  of  the  moving  load  is  at  a  distance  x 
from  the  left  reaction  will  be 


(IS) 


and  the  shear  at  a  point  at  a  distance  a  from  the  left  reaction  will  be 

S^R^-{a-x)p  =  ^^^^p-{a-x)p  (i8) 

which  is  the  equation  of  a  common  parabola. 
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Fig.  75. 


By  inspection  it  can  be  seen  that  5*  will  be  a  maximum  when  x=^a. 
The  maximum  shear  at  any  point  in  a  beam  will  therefore  occur  at 
the  end  of  the  uniform  moving  load,  the  beam  being  fully  loaded  to 
the  right  of  the  point  as  in  (a)  Fig.  75  for  maximum  positive  shear, 
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and  fully  loaded  to  the  left  of  the  point  as  in  (b)  Fig.  75  for  maximum 
negative  shear. 

If  the  beam  is  assumed  to  be  a  cantilever  beam  fixed  at  A,  and 
loaded  with  a  stationary  uniform  load  equal  to  p  lbs.  per  lineal  foot, 
and  an  equilibrium  polygon  be  drawn  with  a  force  polygon  having  a 
pole  distance  equal  to  length  of  span,  L,  the  parabola  drawn  through 
the  points  in  the  equilibrium  polygon  will  be  the  maximum  positive 
shear  diagram,  (a)  Fig.  75.  The  ordinate  at  any  point  to  this  shear 
diagram  will  represent  the  maximum  positive  shear  at  the  point  to  the 
same  scale  as  the  loads  ( for  the  application  of  this  principle  to  bridge 
trusses  see  Fig.  87,  Qiapter  V). 

Concentrated  Moving  Loads.  Bending  Moments, — Let  a  beam  be 
loaded  with  concentrated  moving  loads  at  fixed  distances  apart  as 
shown  in  Fig.  76. 

To  find  the  position  of  the  loads  for  maximum  moment  and  the 
amount  of  the  maximum  moment,  proceed  as  follows :  The  load  Pj  will 
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Fig.  76, 

be  considered  first.    Let  x  be  the  distance  of  the  load  Pj  from  the  left 
support,  when  the  loads  produce  a  maximum  moment  under  load  Pj- 
Taking  moments  about  R2,  we  have 

R^-L  =  P,(L-x  +  a)  +P,(L  —  x)  +P^(L  —  x  —  b) 

+  P^(L-x-b-c)  =  {L-x)(P,  +  P,  +  P,  +  P,) 

+  P^.a-P,'b-P,(b  +  c)  (19) 

and  the  bending  moment  under  load  Pj  will  be 

M  =  R,x  —  P^a 
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Differentiating  (20)  with  respect  to  x,  we  have 

dM      {L-2xXP,+P,+P,+P,)+P,-a-P,l>-Plb+c) 
dx~  L  ~°  ^^^^ 

and  solving  (21)  for  x,  we  have 

L      P^.g-P^.b-PSb^c) 
^-2  2(P,  +  P,  + />,  + />,)  ^"^ 

Now  P^a — Pg-fe  —  PJ^h-\-c)  is  the  static  moment  of  the  loads 
about  Pji  21*^^ 

P,.a-P,-b-Plb  +  c) 
P.  +  P.  +  P,  +  Pi 

=  distance  from  P^  to  center  of  the  gravity  of  all  the  loads. 

Therefore,  for  a  maximum  moment  under  load  P^,  it  (Pg)  ^^st 
be  as  far  from  one  end  as  the  center  of  gravity  of  all  the  loads  is  from 
the  other  end  of  the  beam.  Fig.  ^6, 

The  above  criterion  holds  for  all  the  loads  on  the  beam.  The  only 
way  to  find  which  load  produces  the  greatest  maximum  is  to  try  each 
one,  however,  it  is  usually  possible  to  determine  by  inspection  which 
load  will  produce  a  maximum  bending  moment.  For  example,  the 
maximum  moment  in  the  beam  in  Fig.  76  will  certainly  come  under 
the  heavy  load  Pj-  The  above  proof  may  be  generalized  without  diffi- 
culty, and  the  criterion  above  shown  to  be  of  general  application. 
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Fig.  77, 

For  two  equal  loads,  P  =  P,  at  a  fixed  distance,  a,  apart  as  in  the 
case  of  a  traveling  crane.  Fig.  yy,  the  maximum  moment  will  occur 
under  one  of  the  loads,  when 

jr  =  L/2y— a/4 
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Taking  moments  about  the  right  reaction,  we  have 

R,-L  =  P{L-a/2)  (23) 

and  the  maximum  bending  moment  is 

M  =  /?i(L/2  — 0/4) 
__P{L-a\if 


2L 


(24) 


There  will  be  a  maximum  moment  when  either  of  the  loads  satisfies 
the  above  criterion,  the  bending  moments  being  equal. 

By  equating  the  maximum  moment  calculated  as  above  to  the 
moment  due  to  a  single  load  at  the  center  of  the  beam,  it  will  be  found 
that  the  above  criterion  holds  only,  when 

a<o.586L  (25) 

Where  two  unequal  moving  loads  are  at  a  fixed  distance  apart,  the 
greater  maximum  bending  moment  will  always  come  under  the  heavier 
load. 

Shears. — The  maximum  end  shear  at  the  left  support,  for  a  system 
of  concentrated  loads  on  a  simple  beam,  as  in  Fig.  yy,  will  occur  when 
the  left  reaction,  R^,  is  a  maximum.  This  will  occur  when  one  of  the 
wheels  is  infinitely  near  the  left  abutment  (usually  said  to  be  over  the 
left  abutment).  The  load  which  produces  maximum  end  shear  can 
be  easily  found  by  trial. 

The  maximum  shear  at  any  point  in  the  beam  will  occur  when  one 
of  the  loads  is  over  the  point.  The  criterion  for  determining  which 
load  will  cause  a  maximum  shear  at  any  point,  x,  in  a  beam  will  now 
be  determined. 

In  Fig.  77,  let  the  total  load  on  the  beam,  Pi  +  Pj  +  f's  +  ^4  =  ^> 
and  let  x  be  the  distance  from  the  left  support  to  the  point  at  which 
we  wish  to  determine  the  maximum  shear. 

When  load  P^  is  at  the  point,  the  shear  will  be  equal  to  the  left 
reaction,  which  is  found  by  substituting  ;r  +  a  for  x  in  (19)  to  be 
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^       J,       {L-x-a)W  +  P,a-  P,b-  P^b  +  c) 

and  when  Pj  is  at  the  point,  the  shear  will  be 

{L-x)W+P,a-P,b-Plb  +  c) 

Subtracting  S^  from  S^,  we  have 

Now  S^  will  be  greater  than  S2  if  Pi'i^  is  greater  than  Wa,  or  if 

PJa  >  W^/L 

The  criterion  for  maximum  shear  at  any  point,  therefore,  is  as 
follows : 

The  maximum  positive  shear  in  any  section  of  a  beam  occurs  when 
the  foremost  load  is  at  the  section,  provided  W/L  is  not  greater  than 
PJa.  If  W/L  is  greater  than  PJa,  the  greatest  shear  will  occur  when 
some  succeeding  load  is  at  the  point. 

Having  determined  the  position  of  the  moving  loads  for  maximum 
moment  and  maximum  shear,  the  amount  of  the  moment  and  shear 
can  be  obtained  as  in  the  case  of  beams  loaded  with  stationary  loads. 

DESIGN  OF  BEAMS.— Having  calculated  the  maximum  bending 
moments  and  shears  in  the  beam  the  stresses  are  calculated  as  follows : 

Shearing  Stresses. — The  shear  is  assumed  as  uniformly  distributed 
over  the  cross-section  of  the  beam,  and  the  shearing  stress  will  be  equal 
to  the  shear  5*1  divided  by  the  area  of  the  beam.  The  actual  shearing 
stress  in  the  beam  must  be  less  than  the  allowable  shearing  stress. 

Tensile  and  Compression  Stresses. — A  simple  beam  carried  on 
two  end  supports  will  have  its  upper  fibers  in  compression  and  its 
lower  fibers  in  tension,  there  being  no  stress  on  the  neutral  axis  of  the 
beam. 

The  stress  due  to  bending  moment  will  be  given  by  the  formula 

S  =  M-c/I  (26) 
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where  5"  is  the  unit  stress  on  the  extreme  fiber,  being  tension  on  the 
convex  side  and  compression  on  the  concave  side  of  the  beam,  M  is 
the  bending  moment  of  the  forces  on  one  side  of  the  given  section,  c 
is  the  distance  in  inches  from  the  neutral  axis  of  the  beam  to  the 
extreme  fiber  considered,  and  /  is  the  moment  of  inertia  of  the  cross- 
section  of  the  beam  in  inches  to  the  fourth  power. 

The  allowable  unit  stresses  for  shear,  tension  and  compression  are 
given  in  Chapter  XIII  and  in  Appendix  I. 


^ 
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CHAPTER  V. 

Stresses  in  Highway  Bridge  Trusses. 

LOADS. — The  loads  on  highway  bridges  are  commonly  specified 
as  a  certain  number  of  pounds  per  square  foot  of  floor  surface,  or  per 
lineal  foot  of  truss  or  bridge.  The  live  load  is  assumed  as  applied  at 
the  panel  points  of  the  loaded  chord,  while  the  dead  load  may  be 
assumed  as  all  applied  on  the  loaded  chord,  or  assumed  as  partly  applied 
on  the  loaded  chord  and  partly  on  the  unloaded  chord  (usually  two- 
thirds  on  the  loaded  chord  and  one-third  on  the  unloaded  chord).  In 
this  discussion  the  deal  load  will  be  assumed  as  applied  at  the  panel 
points  in  the  loaded  chord.  Equal  panel  lengths  and  joint  loads  will 
also  be  assumed.  For  extracts  from  standard  specifications  for  dead 
loads  of  highway  bridges,  see  Chapter  II. 

Algebraic  Resolution.* — Let  the  Warren  truss,  in  Fig.  78,  have 

dead  loads  applied  at  the  joints  of  the  lower  chord  as  shown.     From 

the  fundamental  equations  for  equilibrium  for  rotation  and  translation, 

reaction  R^  =  R^=:  ^W, 

Wfan9 
-f-G  HO  H2  H2  HO  ^0 


W  fanO 

Dead  Load  Coefficieni^ 

Fig.  7a 


The  stresses  in  the  members  are  calculated  as  follows:  Resolving 
at  the  left  reaction,  stress  in  i~jr  =  +  3fi^-sec  B,  and  stress  in  i-y  = 

*  Also  called  "  Method  of  Sections.*' 
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—  ^IVtSLtid.    Resolving  at  first  joint  in  upper  chord,  stress  in  1-2  = 

—  ^WsecO,  and  stress  in  2-x=-{'6IV'tSLn6.  Resolving  at  second 
joint  in  lower  chord,  stress  2-3  =  +  2H^sec^,  and  stress  3-y  =  — 
8W^tan^.  And  in  like  manner  the  stresses  in  the  remaining  members 
are  found  as  shown.  The  coefficients  shown  in  Fig.  78  for  the  chords 
are  to  be  multiplied  by  WtSind;  while  those  for  the  webs  are  to  be 
multiplied  by  lV-stc6. 

It  will  be  seen  that  the  coefficients  for  the  web  stresses  are  equal 
to  the  shears  in  the  respective  panels.  Having  found  the  shears  in  the 
different  panels  of  the  truss,  the  remaining  coefficients  may  be  found 
by  resolution.  Pass  a  section  through  any  panel  and  the  algebraic  sum 
of  the  coefficients  will  be  equal  to  zero.  Therefore,  if  two  coefficients 
are  known,  the  third  will  be  equal  to  the  algebraic  sum  of  the  two, 
with  sign  changed. 

Beginning  with  coefficient  of  member  1-3',  which  is  known  and 
equals  —  3 ; 

.f2-jr  =  — (—   3  —  3)  =  +   6 

>i3-'y=—(+   6  +  2)=—  8 
\i  4-x  =  — ( —  8  —  2)  =  + 10 

►f  5-^=— (+io+i)=— II 
\{  6-x= —  ( — II  — 1)=-|-  12; 

,f  7-y  =  —  (+  12  +  O)  =—  12. 


coefficient  oi 
coefficient  oi 
coefficient  oi 
coefficient  o: 
coefficient  o: 
coefficient  o: 


Loading  for  Maximum  Stresses, — The  effect  of  different  positions 
of  the  loads  on  a  Warren  truss  will  now  be  investigated. 


Chord  ^ freezes '^  Coefficients  x  Pfan  d 
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Coefficients  for  One  Load 

Fig.  79. 
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Let  the  truss  in  Fig.  79  be  loaded  with  a  single  load  P  as  shown. 
The  left  reaction,  R^=^%P,  and  the  right  reaction,  R^=^P/7.  The 
stress  in  i-y^  —  %P-tan^,  and  stress  in  i-x=-\-%PstcB,  The 
stress  in  1-2  =  —  %P  :sec  6,  and  stress  in  2-3  =  —  YiP  ;sec  0,  etc.  The 
remaining  coefficients  are  found  as  in  the  case  of  dead  loads  by  adding 
coefficients  algebraically  and  changing  the  sign  of  the  result. 

In  Fig.  80  the  coefficients  for  a  load  applied  at  each  joint  in  turn 
are  shown  for  the  different  members ;  the  coefficients  for  the  load  on 
left  being  given  in  the  top  line. 
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Maximum  and  Minimum  Coefficients 

Fig.  8a 

The  following  conclusions  may  be  drawn  from  Fig.  80: 

1.  All  loads  produce  compressive  stresses  in  the  top  chord  and  ten- 
sile stresses  in  the  bottom  chord. 

2.  All  the  loads  on  one  side  of  a  panel  produce  the  same  kind  of 
stress  in  the  web  members  that  are  inclined  in  the  same  direction  on 
that  side. 

3.  For  maximum  stresses  in  the  chords,  therefore,  the  truss  should 
be  fully  loaded. 

4.  For  maximum  stresses  in  the  web  members  the  longer  segment 
into  which  the  panel  divides  the  truss  should  be  fully  loaded;  while 
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for  minimum  stresses  in  the  web  members  the  shorter  segment  of  the 
truss  should  be  fully  loaded. 

The  conditions  for  maximum  loading  of  a  truss  with  equal  joint 
loads  are  therefore  seen  to  be  essentially  the  same  as  the  maximum 
loading  of  a  beam  with  a  uniform  live  load. 

For  a  discussion  of  the  conditions  of  loading  for  maximum  and 
minimum  stresses  in  trusses  by  means  of  Influence  Diagrams,  see 
Chapter  VI. 

Stresses  in  a  Warren  Truss. — The  coefficients  for  the  maximum 
and  minimum  stresses  in  a  Warren  truss,  due  to  live  load  are  shown 
in  Fig.  8i. 

These  coefficients  are  seen  to  be  the  algebraic  sum  of  the  coeffi- 
cients for  the  individual  loads  given  in  Fig.  80.     The  live  load  chord 

PfanO 
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Maximum  in  Webs  P  tan  0  Mmimum  inWeb^ 

'  Live  Load  Oo^fficlehi'^  '^^ 

Fig.  81. 
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coefficients  are  the  same  as  for  dead  load,  and  if  found  directly  are 
found  in  the  same  manner. 

The  maximum  web  coefficients  may  be  found  directly  by  taking  off 
one  load  at  a  time,  beginning  at  the  left.  The  left  reaction,  which  may 
be  found  by  algebraic  moments,  will  in  each  case  be  the  coefficient  of 
the  maximum  stress  in  the  panel  to  the  left  of  the  first  load.  A  rule 
for  finding  the  coefficient  of  left  reaction  for  any  loading  is  as  follows: 
Multiply  the  number  of  loads  on  the  truss  by  one-half  the  number  of 
loads  plus  unity,  and  divide  the  product  by  the  number  of  panels  in  the 
truss,  the  result  will  be  the  coefficient  of  the  left  reaction. 

If  the  second  differences  of  the  maximum  coefficients  in  the  web 
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members  are  calculated,  they  will  be  found  to  be  constant,  which  shows 
that  the  coefficients  are  equal  to  the  ordinates  of  a  parabola. 
Coefficients,  21         15        10        6        3        i 

1st  differences,  65432 

2nd  differences,  i  i  i         i 

Second  Differences  of  Numerators  of  Web  Coefficients. 

This  relation  gives  an  easy  method  for  checking  up  the  maximum 
web  coefficients,  since  the  numerators  of  the  coefficients  are  always  the 
same  beginning  with  unity  in  the  first  panel  on  the  right  and  progress- 
ing in  order  i,  3,  6,  10,  etc. ;  the  denominators  always  being  the  number 
of  panels  in  the  truss. 

It  will  also  be  found  that  the  second  differences  of  the  upper  or 
lower  chord  coefficients  are  constant,  showing  that  the  chord  stresses 
are  proportional  to  the  ordinates  to  a  parabola. 

It  should  be  noted  that  in  the  Warren  truss  the  web  members  meet- 
ing on  the  unloaded  chord  always  have  stresses  equal  in  amount,  but 
opposite  in  sign. 

The  web  member  6-7  has  a  zero  dead  load  stress,  and  a  complete 
reversal  due  to  live  load,  making  it  necessary  to  design  the  member  to 
take  both  tension  and  compression. 

For  the  calculation  of  the  maximum  and  minimum  stresses  in  a 
Warren  truss,  see  Problem  10,  Chapter  IX. 

Stresses  in  a  Pratt  Truss. — In  the  Pratt  truss  the  diagonal  mem- 
bers are  tension  members,  and  counters  (see  dotted  members  in  (c) 
Fig.  82)  must  be  supplied  where  there  is  a  reversal  of  stress.  The 
coefficients  for  the  dead  and  live  load  stresses  in  the  Pratt  truss,  shown 
in  (a)  and  (b)  Fig.  82,  are  found  in  the  same  manner  as  for  a  Warren 
truss.  The  member  U^L^  acts  as  a  hanger  and  carries  only  the  load 
at  its  lower  end.  The  stresses  in  the  chords  are  found  by  multiplying 
the  coefficients  by  Wtdind,  and  in  the  inclined  webs  by  multiplying  the 
coefficients  by  PF-sec^.  The  stresses  in  the  posts  are  equal  to  the  ver- 
tical components  of  the  stresses  in  the  inclined  web  members  meeting 
them  on  the  unloaded  chord. 


84 


STRESSES    IN    HIGHWAY    BRIDGE    TRUSSES. 


V*    +A         U2    +4i      U3  +2d.ft     Ui    +25.6     Ul 


^^-n 


'^i       Li     -2i        Lz     -4.       Ls  -25-6      i^'^  -|6.0     iT,    -|6.0 


Hi-~20-0"--iH 


lfR2 


Dead  Load  Coefficients  Dead  Load  Stresses 

Dead  Load  «  QTonz  per  Joint.        5ec  9  « 1-28  •  Tan  0  =  0-50 

(a) 


Ul     +4.       Uz  -t-ili      U3 +576     Uk +512     U? 


U     -2i       U    -^        Ls    -51.2     Lk    -52.0.  L\ 

Live  Load  Coefficients  and  Stresses 
Live  Load  al67bns  per  Joint.  Seceel-ZS'Tane-OdO 

(b) 


Ul  -t-Te-e     Wz  +©64-  U3  +28  8  ul  +25.6   Ul 


C> 


^OTa  -460    L,  -48.0    L2  -768     L3  -256    Lz  -160    l1  "160    m^ 

Maximum  Stresses  Minimum  Stresses 

(C) 
Fig.  82. 

The  maximum  chord  stresses  shown  on  the  left  of  (c),  are  equal 
to  the  sum  of  the  live  and  dead  load  chord  stresses.  The  minimum 
chord  stresses  shown  on  the  right  of  (c),  are  equal  to  the  dead  load 
chord  stresses. 

The  maximum  and  minimum  web  stresses  are  found  by  adding, 
algebraically,  the  stresses  in  the  members  due  to  dead  and  live  loads. 

Since  the  diagonal  web  members  in  a  Pratt  truss  can  take  tension 
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only,  counters  must  be  supplied  as  U^L^  in  panel  Lg'-^s-  The  tensile 
stress  in  a  counter  in  a  panel  of  a  Pratt  truss  is  always  equal  to  the 
compressive  stress  that  would  occur  in  the  main  diagonal  web  member 
in  the  panel,  if  it  were  possible  for  it  to  take  compression.  Care  must 
always  be  used  to  calculate  the  corresponding  stresses  in  the  vertical 
posts. 

For  the  calculation  of  the  maximum  and  minimum  stresses  in  a 
Pratt  truss,  see  Problem  ii.  Chapter  IX. 

Method  of  Shear  Increments. — The  loads  on  a  beam  or  truss  first 
produce  shears,  which  in  turn  produce  bending  stresses  in  the  chords. 
In  (a)  Fig.  82  it  will  be  seen  that  member  UoL^  carries  the  shear  in 
the  panel  of  \IV,  which  produces  a  stress  of  — ^H^-sec^  in  the  mem- 
ber. The  difference  in  the  stresses  in  UJJ^  and  U^U^  is  seen  to  be 
the  horizontal  component  of  the  stress  in  f/j-^s*  or  the  shear  increment 
in  the  panel.  The  shear  increment  may  be  calculated  as  follows :  The 
shear  in  the  panel  L^L^  is  W /2  and  may  be  assumed  to  act  a  differ- 
ential to  the  right  of  joint  L^,  Now  take  moments  about  L3,  and  pass 
a  section  cutting  f/gf^s*  ^^2-^3  ^^^  -^2^3  j"st  to  the  right  of  L^,  and 
cutting  away  the  truss  to  the  left.  Now  the  shear,  S,  represents  the 
resultant  of  the  vertical  forces  to  the  left  of  the  panel.  Then  for  equi- 
librium the  stress  in  f/jf^s  will  be  equal  to  the  stress  in  f/jf/g  found  by 
taking  moments  about  joint  Lj,  plus  the  shear  increment /=  (5*  X  l)/d, 
=  JW^-tan^,  where  /  =  panel  length  and  d-^^  depth  of  truss. 

GRAPHIC  RESOLUTION.— The  stresses  in  a  Warren  truss  due 
to  dead  loads  are  calculated  by  graphc  resolution  in  Problem  i,  Chapter 
IX.  The  solution  is  the  same  as  for  the  truss  in  Fig.  58.  The  loads^ 
beginning  with  the  first  load  on  the  left,  are  laid  off  from  the  bottom 
upwards.  The  analysis  of  the  solution  is  shown  on  the  stress  diagram 
and  truss,  and  needs  no  explanation. 

From  the  stresses  in  the  members  it  is  seen  (a)  that  web  members 
meeting  on  the  unloaded  chord  have  stresses  equal  in  amount  but  oppo- 
site in  sign,  and  (b)  that  the  lower  chord  stresses  are  the  arithmetical 
means  of  the  upper  chord  stresses  on  each  side. 

The  live  load  chord  stresses  may  be  obtained  from  the  dead  load 
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stress  diagram,  by  changing  the  scale,  or  by  multiplying  the  dead 
load  stresses  by  a  constant. 

The  live  load  web  stresses  may  be  obtained  by  calculating  the  left 
reactions  for  the  loading  that  gives  a  maximum  shear  in  the  panel  (no 
loads  occurring  between  the  panel  and  the  left  reaction),  and  then  con- 
structing the  stress  diagram  up  to  the  member  whose  stress  is  required. 
In  a  truss  with  parallel  chords  it  is  only  necessary  to  calculate  the  stress 
in  the  first  web  member  for  any  given  reaction,  since  the  shear  is  con- 
stant between  the  left  reaction  and  the  panel  in  question. 

The  live  load  web  stresses  may  all  be  obtained  from  a  single  dia- 
gram as  follows:  With  an  assumed  left  reaction  of,  say,  100,000  lbs. 
construct  a  stress  diagram  on  the  assumption  that  the  truss  is  a  canti- 
lever fixed  at  the  right  abutment,  and  that  there  are  no  loads  on  the 
truss.  Then  the  maximum  stress  in  any  web  member  will  be  equal  to 
the  stress  scaled  from  the  diagram,  divided  by  100,000,  multiplied  by 
the  left  reaction  that  produces  the  maximum  stress.  This  method  is  a 
very  convenient  one  for  finding  the  stresses  in  a  truss  with  inclined 
chords.     For  an  example,  see  Problem  19,  Chapter  IX. 

In  calculating  the  maximum  and  minimum  stresses  in  a  bridge 
truss  by  graphic  resolution  the  labor  in  constructing  the  stress  diagram 
may  be  reduced  by  replacing  the  truss  to  the  left  of  the  panel  by  a 
triangle  as  in  (a)  or  (b)  in  Fig.  84.  In  (a)  the  correct  stresses  will 
be  given  in  U^L^'  or  U^'L^,  but  the  correct  stress  will  not  be  given 
in  C/gLg. 


Fig.  84. 
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ALGEBRAIC  MOMENTS.— The  dead  and  live  load  stresses  in 
a  truss  with  inclined  chords  are  calculated  by  algebraic  moments  in  Fig. 
.  85.  The  conditions  for  maximum  loading  are  the  same  in  this  truss 
as  in  a  truss  with  parallel  chords,  and  are  as  follows :  Maximum  chord 
stresses  occur  when  all  loads  are  on;  minimum  chord  stresses  occur 
when  no  live  load  is  on ;  maximum  web  stresses  in  main  members  occur 
when  the  longer  segment  of  the  truss  is  loaded ;  and  minimum  stresses 
in  main  members  and  maximum  stresses  in  counters  occur  when  the 
shorter  segment  of  the  truss  is  loaded.  For  a  proof  of  this  criterion, 
see  Fig.  93,  Chapter  VI.  An  apparent  exception  to  the  latter  rule 
occurs  in  post  t/jLj,  which  has  a  maximum  tensile  stress  when  the 
truss  is  fully  loaded  with  dead  and  live  loads, 

/'     \ 
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To  calculate  the  stress  in  member  U^L^,  take  moments  about  point 
A,  the  intersection  of  the  upper  and  lower  chords  produced  and  pass 
a  section  cutting  UJJ^,  U-^L^  and  L^L^,  and  cutting  away  the  truss  to 
the  right.     The  dead  load  stress  is  then  given  by  the  equation 

t/.Lj  X  70.7  +  i?i  X  60  — W  X  80  =  0 

t/,L,  X  70.7  =  — 6  X  60+  3  X  80  =  —  120  foot-tons,  and 

UjLj^ — 1.70  tons 
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The  maximum  live  load  stress  occurs  when  all  loads  are  on  except 
Lj,  and 

i7iL,X70-7  +  ^iX6o  =  o 

C/jLg  X  70.7= —  %P  X  60  =  —  576  foot-tons,  and 

U^L2=^  —  8.14  tons 

The  maximum  live  load  stress  in  counter  f/2-^1  occurs  with  a  load 
at  Lj,  and  is  given  by  the  equation 

—  C/^L,  X  62.43  +  R^X  60  — F  X  80  =  0 

U^L,^  X  62.43  =  ^F  X  60  —  8  X  80  =  256  foot-tons,  and 

[72^  =  —  4- 10  tons 

The  dead  load  stress  in  counter  C/g-^i  when  main  member  UJL^  ^s 
not  acting  will  be 

f/jLi  X  62.43  =  +  120  foot-tons,  and 
C72Li  =  +  1.92  tons 

The  maximum  stress  in  U^L^  is  therefore  — 1.70  —  8.14  =  —  9.84 
tons,  and  the  minimum  stress  is  zero.  The  maximum  stress  in  counter 
C/jLj  is  +  1.92  —  4.10  =  —  2.18  tons,  and  the  minimum  stress  is  zero. 

To  calculate  the  stress  in  member  UJJ^,  take  the  center  of  moments 
at  L2,  and  pass  a  section  cutting  UJJ29  f/2-^2  ^^^  ^2^2  y  21^^  cutting 
away  the  truss  to  the  right.  The  dead  load  stress  is  then  given  by  the 
equation 

V^U^  X  24.25—7?,  X  40  +  fT  X  20  =  0 

C/1C/2  =  +  7-4^  tons 

In  like  manner  the  live  load  stress  in  J/iJ/j  =  -f  19.79  tons. 

The  stresses  in  the  remaining  members  may  be  found  in  the  same 
manner.  To  obtain  stress  in  upper  chord  U^U^,  take  moments  about 
Lg  as  a  center ;  to  obtain  stress  in  lower  chord  L^L^  take  moments  about 
C7i  as  a  center.  The  dead  load  and  maximum  live  load  tensile  stress 
in  post  C/2-^2  IS  equal  to  the  vertical  component  of  the  dead  and  live 
loads,  respectively,  in  upper  chord  UJJn.  The  stresses  in  L^U^y  L^L^, 
LJu^y  UJO^  and  C/2^2'  aJ'C  rnost  easily  found  by  algebraic  resolution. 

For  additional  problems,  see  Chapter  IX. 
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GRAPHIC  MOMENTS.— The  dead  load  stresses  in  the  chords 
of  a  Warren  truss  are  calculated  by  graphic  moments  in  Fig.  86. 

Bending  Moment  Polygon. — The  upper  chord  stresses  are  given 
by  the  ordinates  to  the  bending  moment  parabola  direct,  while  the  lower 
chord  stresses  are  arithmetical  means  of  the  upper  chord  stresses  on 
each  side,  and  are  given  by  the  ordinates  to  the  chords  of  the  parabola 
as  shown  in  Fig.  86. 

The  parabola  is  constructed  as  follows:  The  mid-ordinate,  4-;,  is 
made  equal  to  the  bending  moment  at  the  center  of  the  truss  divided 
by  the  depth;  in  this  case  the  mid-ordinate  is  the  stress  in  6-x;  if  the 


k  ^0'O 


number  of  panels  in  the  truss  were  odd,  the  mid-ordinate  would  not 
be  equal  to  any  chord  stress.  The  parabola  is  then  constructed  as 
shown  in  Fig.  86.  The  live  load  chord  stresses  may  be  found  from 
Fig.  86  by  changing  the  scale,  or  by  multiplying  the  dead  load  chord 
stresses  by  a  constant. 

Shear  Polygon. — In  Chapter  IV  it  was  shown  that  the  maximum 
shear  in  a  beam  at  any  point  could  be  represented  by  the  ordinate  to  a 
parabola  at  the  point.  The  same  principle  holds  for  a  symmetrical 
bridge  truss  with  equal  panels  and  loaded  with  equal  joint  loads,  as 
will  now  be  proved. 
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In  Fig.  87  assume  that  the  simple  Warren  truss  is  fixed  at  the  left 
end  as  shown,  and  that  the  right  reaction  R^  is  not  acting.  Then  with 
all  joints  fully  loaded  with  a  live  load  P,  construct  a  force  polygon  as 


Fig.  87. 


shown,  with  pole  O  and  pole  distance,  i/  =  span  L,  and  beginning  at 
point  a  in  the  load  line  of  the  force  polygon,  construct  the  equilibrium 
polygon  a-g-h  for  the  cantilever  truss. 

Now  the  bending  moment  at  the  left  support  will  be  equal  to  ordi- 
nate y,  multiplied  by  the  pole  distance  H.  But  the  truss  is  a  simple 
truss  and  the  moment  of  the  right  reaction  will  be  equal  to  the  moment 
at  the  left  abutment,  and 

y,H  =  R^-L 
and  since  H  =  L 

y,-L  =  Rt-L. 

and  -Vi  ^=  Ri 
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Now,  with  the  loads  remaining  stationary,  move  the  truss  one  panel  to 
the  right  as  shown  by  the  dotted  truss.  With  the  same  force  polygon 
draw  a  new  equilibrium  polygon  as  above.  This  equilibrium  polygon 
will  be  identical  with  a  part  of  the  first  equilibrium  polygon  as  shown. 
As  above,  the  bending  moment  at  left  reaction  is  y^'H  =  y^'L  =  R^'L, 
and  3^3  =  R^,  In  like  manner  y^  can  be  shown  to  be  the  right  reaction 
with  three  loads  on,  etc.  Since  the  bridge  is  symmetrical  with  refer- 
ence to  the  center  line,  the  ordinates  to  the  shear  polygon  in  Fig.  87 
are  equal  to  the  maximum  shears  in  the  panel  to  the  right  of  the  ordi- 
nate as  the  load  moves  off  the  bridge  to  the  right. 

For  a  method  of  drawing  the  shear  parabola  direct,  without  the  use 
of  the  force  and  equilibrium  polygons,  see  Problem  18,  Chapter  IX. 


CHAPTER  Vi. 

Stresses  in  Railway  Bridge  Trusses. 

LOADS. — The  dead  load  of  a  railway  bridge  is  assumed  to  act 
at  the  joints  the  same  as  in  a  highway  bridge.  The  dead  joint  loads 
are  commonly  assumed  to  act  on  the  loaded  chord,  but  may  be  assumed 
as  divided  between  the  panel  points  of  the  two  chords,  one-third  and 
two-thirds  of  the  dead  loads  usually  being  assumed  as  acting  at  the 
panel  points  of  the  unloaded  and  the  loaded  chords,  respectively. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the 
weights  and  spacing  of  the  wheels  depending  upon  the  type  of  the 
rolling  stock  used.  The  locomotives  and  cars  differ  so  much  that  it 
would  be  difficult  if  not  impossible  to  design  bridges  on  a  railway 
system  for  the  actual  conditions,  and  conventional  systems  of  loading, 
which  approximate  the  actual  conditions  are  assumed.  The  conven- 
tional systems  for  calculating  the  live  load  stresses  in  railway  bridges 
that  have  been  most  favorably  received  are :  ( i )  Cooper's  Conventional 
System  of  Wheel  Concentrations;  (2)  the  use  of  an  Equivalent  Uni- 
form Load;  and  (3)  the  use  of  a  uniform  load  and  one  or  two  wheel 
concentrations.  In  addition  to  these  some  railroads  specify  special 
engine  loadings.  The  first  and  second  methods  will  be  discussed  in 
this  chapter. 

Cooper's  Conventional  System  of  Wheel  Concentrations. — In 
Cooper's  loadings  two  consolidation  locomotives  are  followed  by  a 
uniformly  distributed  train  load.  The  typical  loading  for  Cooper's 
Class  E  40  is  shown  in  Fig.  47.  The  loads  on  the  drivers  in  thousands 
of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the 
same  as  the  class  number.  The  wheel  spacings  are  the  same  for  all 
classes.  The  stresses  for  Cooper's  loadings  calculated  for  one  class 
may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading.  For 
example,  the  stresses  in  any  truss  due  to  Cooper's  Class  E  50  are  equal 

92 


EQUIVALENT   UNIFORM   LOADS.  93 

to  %  of  the  Stresses  in  the  same  truss  due  to  Class  E  40  loading.  The 
E  40  and  the  E  50  loadings  are  those  most  used  for  steam  railways  in 
the  United  States.  In  bridges  designed  for  Class  E  40  loading  and 
under  the  floor  system  must  in  addition  be  designed  for  two  moving 
loads  of  100,000  lbs.  each,  spaced  6'  o"  apart  on  each  track.  The  cor- 
responding loads  for  Class  E  50  are  120,000  lbs.  with  the  same  spacing. 
The  American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
ciation has  adopted  Cooper's  loadings,  except  that  the  special  loads  are 
spaced  7'  o". 

Equivalent  Uniform  Load  System. — The  equivalent  uniform  load 
for  calculating  the  stresses  in  trusses  and  the  bending  moments  in 
beams,  is  the  uniform  load  that  will  produce  the  same  bending  moment 
at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bending 
moment  produced  by  the  wheel  concentrations.  The  equivalent  uni- 
form loadings  for  different  spans  for  Cooper's  E  40  loading  are  given 
in  Fig.  48.  In  calculating  the  stresses  in  the  truss  members  select  the 
equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web 
stresses  by  the  use  of  equal  joint  loads,  as  for  highway  bridges.  In 
designing  the  stringers  for  bending  moment  take  a  loading  for  a  span 
equal  to  one  panel  length,  and  for  the  maximum  floorbeam  reaction 
take  a  loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary 
to  calculate  the  maximum  end  shears  and  the  shears  at  intermediate 
points  by  wheel  concentrations,  or  to  use  equivalent  uniform  loads 
calculated  for  wheel  concentrations.  The  equivalent  uniform  loads 
for  moment,  M,  shear,  5",  and  floorbeam  reaction,  R,  for  Class  E  40 
are  given  in  Table  X. 

The  equivalent  uniform  load  method  has  been  advocated  very 
strongly  by  Mr.  J.  A.  L.  Waddell  who  has  described  its  use  in  detail 
in  his  "  De  Pontibus." 

Live  load  stresses  calculated  by  the  method  of  equivalent  uniform 
loads  are  too  small  for  the  chords  and  webs  between  the  ends  of  the 
truss  and  the  quarter  points,  and  are  too  large  between  the  quarter 
points.  The  stresses  obtained  for  the  counters  are  too  large.  The  live 
load  stresses  calculated  by  the  method  of  equivalent  uniform  loads  are 
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TABLE  X. 

Maximum   Moments  M,  End  Shears  S,  and  Floorbeam  Reactions  R,  pes 
Track,  for  Cooper's  Loading  E  40,  for  Girder  Bridges. 


Span 

Max.  Mom. 
M. 

Ma9c.  End.  Srbar 
S. 

Max.  Floor  Rbac 
R. 

Equivalent  Uniform  Load. 

L. 

_« 

Ft. 

Pr.-LBS. 

Lbs. 

Lbs. 

LU. 

S. 
Lbs. 

R. 
Lbs. 

10 

112,500 

60,000 

80,000 

9,000 

12,000 

8,000 

11 

131,400 

65.500 

87.300 

5»^ 

11,910 

7.940 

12 

160,000 

70,000 

93.300 

8,890 

11,670 

7,770 

13 

190,000 

73.800 

98,500 

9,000 

11,350 

7,580 

14 

220,000 

77,200 

104,300 

8,980 

11,030 

7,450 

15 

250,000 

80,000 

109,300 

8,890 

10,670 

7,290 

16 

280,000 

85,000 

113.700 

8,750 

10,620 

7,110 

17 

310,000 

89,500 

117,600 

8,580 

10,530 

6,920 

18 

34o>ooo 

93.400 

121,300 

8,400 

10,380 

6,740 

19 

373.200 

96,800 

125,800 

8,270 

10,190 

6,620 

20 

412,500 

100,000 

131. 100 

8,250 

10,000 

6,560 

21 

452,000 

102,800 

136,000 

8,200 

9,790 

6,480 

22 

491,400 

105,500 

140,300 

8,120 

9,590 

6,380 

23 

530,800 

107,900 

144,300 

8,030 

9,380 

6,270 

24 

570,400 

110,800 

148,000 

7.920 

9.230 

6,170 

25 

610,000 

113,600 

151,300 

7.810 

9,090 

6,050 

26 

649,600 

116,100 

155.400 

7,690 

8,930 

5,970 

27 

689,200 

118,500 

160,100 

7.560 

8,780 

5,930 

28 

731,000 

120,800 

164,600 

7,460 

8,630 

5,875 

29 

775,800 

123,100 

168,700 

7.370 

8,490 

5,820 

30 

821,000 

126,100 

172,500 

7.300 

8,410 

5,750 

31 

865,700 

128,800 

176,900 

7,210 

8,310 

5,710 

32 

910,800 

131.500 

182,000 

7,120 

8,220 

5.690 

33 

955.600 

133.900 

186,700 

7,020 

8,110 

5,660 

34 

1,000,700 

136,100 

191,100 

6,920 

8,010 

5,620 

35 

1,046,000 

138,400 

195.200 

6,840 

7,910 

5,570 

36 

1,097,000 

141,100 

6,770 

7.840 

37 

1, 148,500 

143,800 

6,710 

7.770 

38 

1,200,000 

146,200 

6,650 

7,700 

39 

1,253,500 

148,600 

6,590 

7,620 

40 

1,311,000 

150,800 

6,560 

7.540 

42 

1,427,000 

156,200 

6,480 

7.460 

44 

1,543.000 

161,100 

6,370 

7.320 

1 

46 

1,659,000 

165,600 

Trestles 

6,280 

7,200 

48 

1,776,000 

169,600 

30  aod  60  feet 

6,170 

7,070 

50 

1,902,000 

174,200 

spans, 
238,900. 

6,090 

6,970 

52 

2,030,000 

178,500 

6,010 

6,870 

54 

2,162,000 

182,400 

5.930 

6,760 

56 

2,304,000 

186,000 

5,880 

6,640 

58 

2,446,000 

190,800 

40  and  60  feet 

5,820 

6,580 

60 

2,599.000 

195,200 

spans, 
262,900. 

5,780 

6,510 

62 

2,753.000 

200,200 

5,730 

6,460 

64 

2,911,000 

205,200 

5,690 

6,410 

66 

3,079,000 

210,000 

5,660 

6,360 

68 

3,247,000 

215,600 

» 

5»6io 

6,340 

KINDS  OF   STRESS. 


95 


TABLE  X.     (Continued.) 


Spam 

Max.  Mom. 
M. 

Max.  End.  Shbax 

Max.  Flook  Rkac. 
R. 

Equivalxnt  Uniform  Load. 

L. 

Ft. 

Ft.-lbs. 

Lbs. 

L»s. 

M. 

LU. 

Lbs. 

R. 
Lbs. 

70 

3,415,000 

221,000 

5,580 

6,310 

72 

3,584,000 

226,700 

5.540 

6,300 

74 

3,758,000 

232,600 

5,490 

6,290 

7$ 

3,942,000 

238,100 

5.460 

6,270 

78 

4,129,000 

243,400 

5,430 

6,240 

80 

4,321,000 

248,400 

5,400 

6,210 

82 

4»5i3»ooo 

253*800 

5,370 

6,190 

84 

4,713,000 

259,000 

5.340 

6,190 

86 

4.919,000 

264,200 

5.320 

6,150 

88 

5,128,000 

269,400 

5,300 

6,120 

90 

5,341,000 

274*500 

5,280 

6,100 

• 

92 

5.552,000 

279,600 

5,250 

6,080 

.  94 

5,77i|OOo 

284,700 

5,230 

6,060 

9^ 

5,988,000 

289,600 

5.200 

6,030 

98 

6,213,000 

295,000 

5,180 

6,020 

100 

6,440,000 

300,000 

5.150 

6,000 

105 

7,075,000 

312,200 

5,150 

5.950 

no 

7,774,000 

324*000 

5,140 

5,890 

"5 

8,490,000 

335»8oo 

5.140 

5.840 

120 

9,228,000 

347.400 

5.130 

5.790 

125 

9»993.a>o 

358,800 

5,120 

5.740  1 

Note. — For  all  other  classes,  the  above  values  to  be  proportionaf  to  the  classes, 
sufficiently  accurate  for  all  practical  purposes.  Even  though  the  equiv- 
alent uniform  load  method  is  simple  to  apply  and  gives  sufficiently 
accurate  results,  it  appears  to  be  losing  ground. 

KINDS  OF  STRESS.— The  Hve  loads  on  a  railway  bridge  pro- 
duce stresses  as  follows : 

( 1 )  Vertical  stresses  due  to  the  live  load  in  any  position ; 

(2)  Vibratory  stresses  due  to  the  moving  of  the  live  load,  generally 
included  in  the  term  "  Impact " ; 

(3)  Horizontal  static  stresses  due  to  centrifugal  forces,  if  the  train 
is  on  a  curve ; 

(4)  Longitudinal  static  stresses  due  to  the  momentum  of  the  train, 
and  the  friction  on  the  rails  when  the  brakes  are  applied. 

Vibratory  stresses  cannot  be  calculated  with  our  present  knowledge, 
but  are  provided  for  by  taking  a  percentage  of  the  static  live  load  as 
"  Impact  Stress,"  or  by  using  smaller  working  stresses.  Horizontal  and 
static  stresses  can  be  calculated. 
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CALCULATION  OF  STRESSES  DUE  TO  WHEEL  CON- 
CENTRATIONS. — The  maximum  stresses  in  any  member  of  a  truss 
may  be  found  by  trial,  that  is,  by  assuming  a  number  of  positions  of 
the  live  load,  calculating  the  stress  for  each  position,  and  then  compar- 
ing the  results.  This  method  is  long  and  tiresome  and  considerable 
time  may  be  saved  by  the  application  of  certain  simple  criteria,  which 
will  now  be  developed  by  means  of  influence  diagrams.  These  criteria 
may  also  be  developed  by  algebraic  methods. 

INFLUENCE  DIAGRAMS.— An  influence  diagram  (commonly 
called  an  influence  line)  shows  the  variation  of  the  effect  of  a  moving 
load  or  a  system  of  loads  on  a  beam  or  truss.  The  difference  between 
bending  moment  or  shear  diagrams  and  influence  diagrams  is  that  the 
bending  moment  and  the  shear  diagram  gives  the  moment  and  shear, 
respectively,  at  any  point  for  a  fixed  system  of  loads,  while  an  influence 
diagram  gives  the  moment  or  shear,  etc.,  at  a  fixed  point  for  a  moving 
system  of  loads.  Influence  diagrams  are  used  principally  for  finding 
the  position  of  moving  loads  that  will  produce  maximum  shears,  mo- 
ments, reactions,  or  stresses,  although  they  may  be  used  for  calculating 
the  quantities  themselves.  For  convenience,  where  a  number  of  loads 
are  considered,  the  influence  diagrams  are  drawn  for  a  single  unit  load. 
The  unit  influence  diagram  may  then  be  used  for  any  load  by  multi- 
plying by  the  given  load.  The  unit  influence  diagram  will  be  referred 
to  in  the  following  discussion. 

Maximum  Moment  in  a  Truss  or  Beam. — Let  Pj,  in  Fig.  88,  rep- 
resent the  summation  of  the  moving  loads  to  the  left  of  the  panel  point 
2',  and  P2  ^c  the  summation  of  the  moving  loads  to  the  right. 

The  influence  diagram  for  the  point  2'  is  constructed  by  calculating 
the  bending  moment  at  2'  due  to  a  unit  load  =  a(Z.  —  a)/L  =  ordi- 
nate 2-4,  and  drawing  lines  1-2  and  2-3.  The  equation  of  the  line  1-2 
is  y  =  x{L  —  ci)/L,  and  the  equation  of  the  line  2-3  is 

y  =  a(L  —  x)/L. 

Now  when  x  =  a  the  two  lines  have  a  common  ordinate  which  is  equal 
to   a(L  —  ci)/L,     Also   when  x  =  L  the  ordinate   to   i-2  =  L  —  a; 
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while  when  x  =  o,  the  ordinate  to  2-3  is  a,  as  is  seen  in  Fig.  88.  This 
relation  gives  an  easy  method  of  constructing  an  influence  diagram 
for  moments  for  any  point  in  a  beam  or  truss. 


(a) 


a,  -J    !■-  dx  4 


Fig.  88.    Influence  Diagram  for  Moments. 
Now  in  Fig.  88  the  bending  moment  at  2'  due  to  the  loads  Pj 


and  Pj,  is 


^  =  .P.-3'i  +  ^r3', 


{27) 


Now  move  the  loads  P^  and  F^  a  short  distance  to  the  left,  the  distance 
being  assumed  so  small  that  the  distribution  of  the  loads  will  not  be 
changed,  and 

M  +  dM  =  P,(y,-dyJ  -^P^y^^dy^)  (28) 


Subtracting  {2*j^  from  (28)  and  placing  dM  =  o,  we  have 

dM=—P^'dy^-\'P^'dy^=o 


(29) 


But  dy^  =  dx'tBXi  a^  =  dx(L  —  a)/L.,  and  dyj  =  rf-^'tan  a^  =  dx'o/L, 
and 

dM= — P^(L  —  a)  dx/L  -{- P^-a-dx/L^^o,  from  which 

Pj  -a  —  Pj  -L  +  Pg  *a  =  o,  and 

(P,  +  P,)a  =  P,L 


Solving,  we  have 


P,/a=iP,  +  P,)/L. 


(30) 


8 
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From  (jo)  it  follows  that  the  maximum  bending  moment  at  2f  occurs 
when  the  average  load  on  the  left  of  the  section  is  the  same  as  the 
average  load  on  the  entire  bridge.  It  will  be  seen  that  the  criterion 
will  be  satisfied  for  a  bridge  loaded  with  equal  joint  loads  when  the 
bridge  is  fully  loaded. 

Uniform  Loads. — In  Fig.  88  the  bending  moment  at  2'  due  to  a 
uniform  load  pdx  will  be  p-ydx  in  (a).  But  ydx  is  the  ar^a  of  the 
influence  diagram  under  the  uniform  load,  and  the  bending  moment  at 
2'  due  to  a  uniform  load  will  be  equal  to  the  area  of  the  influence 
diagram  covered  by  the  load,  multiplied  by  the  load  per  unit  of  length. 
For  a  uniform  load,  p,  covering  the  entire  span  the  bending  moment 
at  2'  will  be  p  times  the  area  of  the  influence  diagram  1-2-3.  For  a 
uniform  load  the  bridge  must  be  fully  loaded  to  obtain  maximum  bend- 
ing moment  at  any  point.  It  will  be  seen  that  the  general  criterion  for 
maximum  bending  moment  is  satisfied  when  the  bridge  is  fully  loaded 
with  a  uniform  load. 

Maximum  Shear  in  a  Beam. — It  is  required  to  calculate  the  maxi- 
mum shear  at  the  point  2'  in  the  beam  i'-4',  in  Fig.  89.    Let  P^  repre- 


Fig.  89.    Influence  Diagram  for  Shear  in  a  Beam. 

sent  a  load  on  the  left  of  the  point,  and  Pj  a  load  on  the  right  of  the 
point  2'.  Now  with  the  load  unity  at  2'  the  shear  at  the  left  of  the 
point  will  be  (/ — fl)A  ^tnd  on  the  right  of  the  point  2'  the  shear  will 
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be  —  a /I,  while  the  influence  diagram  for  shear  is  1-2-3-4.  Then  the 
shear  at  the  point  2'  due  to  the  loads  F^  and  P^  will  be  5*  =  —  P^y^ 
+  ^2'>'2-  Now  as  the  loads  are  moved  to  the  left,  the  positive  shear  is 
increased  and  the  negative  shear  is  decreased.  If  the  distance  h  is  less 
than  the  distance  o,  for  a  maximum  positive  shear  for  two  loads,  Pj 
should  be  at  2',  providing  P^  is  greater  than  Pj.  If  P^  is  greater  than 
P,  the  loads  should  be  reversed  in  position. 

For  more  than  two  loads,  P^  and  P^  representing  the  summations 
of  the  loads  acting  through  the  centers  of  gravity  of  the  loads,  the 
criterion  is  developed  as  follows : 

The  shear  at  2'  is 

5  =  -P,-y,  +  P,-3'2  (31) 

Now  move  the  loads  to  the  left  a  distance  dx,  no  loads  passing  the  point 
2'  nor  coming  on  nor  going  off  the  span,  and 

5  +  d5'  =  -P,(3'/-d30  +i'2(:V2  +  d3'2)  (32) 

subtracting  (31)  from  (32),  and  solving  for  a  maximum,  we  have 

dS  =  ^  P.'dy,  +  P.'dy,  =  0  (33) 

Now  d^fj  =  —  dy2y  and  P^  =  Pg  is  the  criterion  for  maximum  shear  at 
2'.  In  order  to  satisfy  this  criterion  a  load  will  come  at  2'  which  may 
be  considered  as  a  part  of  either  P^  or  P^. 

Maximum  Shear  in  a  Truss. — Let  Pi,  Pj  and  P3,  in  Fig.  90,  repre- 
sent the  loads  on  the  left  of  the  panel,  on  the  panel,  and  on  the  right 
of  the  (n+  i)st  panel,  respectively.  It  is  required  to  find  the  posi- 
tion of  the  loads  for  a  maximum  shear  in  the  panel. 

With  a  load  unity  at  2'  the  shear  in  the  panel  is  —  m/n,  and  1-2  is 
the  influence  shear  line  for  loads  to  the  left  of  the  panel.  With  a  load 
unity  at  3'  the  shear  in  the  panel  is  (n  —  m —  i)/n,  and  the  line  3-4 
is  the  influence  shear  line  for  loads  to  the  right  of  the  panel.  For  a 
load  on  the  panel  the  shear  will  vary  from  —  m/n  at  2'  to  (n — m —  i  )/n 
at  3',  and  the  line  2-3  is  the  influence  shear  line  for  loads  in  the 
panel. 
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The  influence  diagram  for  the  entire  span  is  the  polygon  1-2-3-4. 
It  will  be  seen  that  the  lines  1-2  and  3-4  are  parallel,  and  are  at  a 
distance  unity  apart. 

The  total  shear  in  the  panel  will  then  be 


,1        .^.ry     dye, 


dx 


J     if  •    ^~*-*^  1    A 


n 
Fig.  90.    Influence  Diagram  for  Shear  in  a  Truss. 


S=—Pry^  +  P^-y^  +  P»-y 


8 


(34) 


Now  move  the  loads  a  short  distance  to  the  left,  the  distance  being 
assumed  so  small  that  the  distribution  of  the  loads  will  not  be  changed, 
and 

S  +  dS  =  -P,{y,-dy,)  +  P,{y,-dy,)  +P,{y,  +  dy,)    (35) 

Subtracting  (34)  from  (35),  and  solving  for  a  maximum 


But 


dS  =  P^'dy^  —  P^'dy^  +  P^'dy^  =  o 

dyi  =  d.vtan  a^  =  dx/n-l, 

dy^  =  d;r-tan  aj  =  dx  (n  —  i)/n-/, 

dy^  =  dx't^n  a^  =  dx/n-l; 


and  substituting  we  have 


dS  =  P^'dx/n'l  —  P^'dx{n—i)/n'l  +  P^'dx/n'l=:0 
P,  —  Pdn-i)+Pz  =  o 


and 
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and 


Pt  +  P»  +  P»=P,n 


P,=  {P,  +  P,  +  P,)/n. 


(36) 


From  (36)  it  follows  that  the  maxitnum  shear  in  the  panel  will 
occur  when  the  load  on  the  panel  is  equal  to  the  load  on  the  bridge 
divided  by  the  number  of  panels  in  the  bridge. 

Uniform  Loads, — In  the  same  manner  as  for  bending  moment  in 
Fig.  88,  it  can  be  proved  that  the  shear  in  the  panel  due  to  a  uniform 
load  on  the  truss,  in  Fig.  90,  is  equal  to  the  area  of  the  influence  dia- 
gram covered  by  the  load,  multiplied  by  the  intensity  of  the  uniform 
load  per  linear  unit.  From  Fig.  90  it  will  be  seen  that  for  a  uniform 
load  the  maximum  shear  in  the  panel  will  occur  when  the  uniform  load 
extends  from  the  right  abutment  to  that  point  in  the  panel  where  the 
line  2-3  passes  through  the  line  1-4  (where  the  shear  changes  sign). 
For  a  minimum  shear  in  the  panel  (maximum  shear  of  the  opposite 
sign)  the  load  should  extend  from  the  left  abutment  to  the  point  in 
the  panel  where  the  shear  changes  sign.  For  equal  joint  loads,  load 
the  longer  segment  for  a  maximum  shear  in  the  panel,  and  load  the 
shorter  segment  for  a  minimum  shear  in  the  panel. 

Maximum  Floorbeam  Reaction. — It  is  required  to  find  the  maxi- 
mum load  on  the  floorbeam  at  2'  in  (a)  Fig.  91  for  the  loads  carried 
by  the  floor  stringers  in  the  panels  i'-2'  and  2'-3'. 


3'      r    Pj   g^ 


^ 


^3 1 


Fig.  91.    Influence  Diagram  for  Maximum  Floorbeam  Reaction. 


In  (a)  the  diagram  1-2-3  is  the  influence  diagram  for  the  shears 
at  2'  due  to  a  unit  load  at  any  point  in  either  panel.     In  (b)  the  dia- 
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gram  1-2-3  is  the  influence  diagram  for  bending  moment  at  2'  for 
a  unit  load  at  any  point  in  the  beam.  Now  the  diagram  in  (a)  differs 
from  the  diagram  in  (b),  only  in  the  value  of  the  ordinate  2-4.  It 
will  be  seen  that  the  reaction  at  2'  in  (a)  may  be  obtained  from  the 
diagram  in  (b),  for  any  system  of  loads,  if  the  ordinates  are  multiplied 
^y  (^1  +  ^2)/^i'^2-  We  can  therefore  use  diagram  (b)  for  obtaining 
the  maximum   floorbeam   reaction,  if  we  multiply  all  ordinates  by 

To  obtain  the  maximum  floorbeam  reaction,  therefore,  take  a  simple 
beam  equal  to  the  sum  of  the  two  panel  lengths,  and  find  the  maximum 
bending  moment  at  a  point  in  the  beam  corresponding  to  the  panel 
point.  This  maximum  moment  multiplied  by  (di  -|-  ^2)7^1*^2  wt7/  be 
the  maximum  floorbeam  reactiotL  If  the  two  panels  are  equal  in 
lehgth  the  maximum  bending  moment  at  the  center  of  the  beam  multi- 
plied by  2/d,  where  d  is  the  panel  length,  will  give  the  maximum  floor- 
beam  reaction. 

Maximum  Moment  in  the  Unloaded  Chord  of  a  Through  Warren 
Truss. — Let  Pj  in  Fig.  92  represent  the  summation  of  the  moving  loads 
on  the  left  of  the  panel  4'-5',  Pj  represent  the  summation  of  the  moving 
loads  on  the  panel,  and  Pg  represent  the  summation  of  the  moving 


a 


Fig.  92.    Influence  Diagram  for  Moments  in  the  Unloaded  Chord  of  a 

Through  Warren  Truss. 
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loads  to  the  right  of  the  panel.  The  influence  diagram  for  the  point 
2  is  the  diagram  1-4-5-3,  the  lines  1-4  and  5-3  are  the  same  as  for 
a  point  on  the  loaded  chord,  while  the  influence  line  for  the  panel  4^-5' 
is  the  line  4-5. 

Now  the  bending  moment  at  2  due  to  the  three  loads  is 

M  =  P^-y^  +  P,y,  +  P3-3'»  (37) 

Now  move  the  loads  Pi,  Pg*  Pz  ^  short  distance  to  the  left,  the  dis- 
tance being  assumed  so  small  that  the  distribution  of  the  loads  will  not 
be  changed,  and 

M  +  dM  =  P,  (y,  -  dy  J  +  P,iy,  —  dy,)  +  P»(y,  +  dy,)      (38) 

Subtracting  (37)  from  (38),  and  solving  for  a  maximum 

dM=—P,'dy,  —  P,'dy,  +  P,'dy,  =  o  (39) 

Now  dyi  =  dx'tBxiaj^f  dy2=^dx't2ina2,  and  dy^  =  dx't3nai, 

tan  ai=(L  —  a) /I,  tana8  =  a/L,  and  tanag 

=  [L — (a  —  &  +  0]  tanga —  (Q  —  b)  tanOi 

1 
and  tana2=  (L-b  —  a-l)/L-l 

Substituting  the  values  of  tana^,  tana,  and  tana,  in  (39)  we  have 
—  P^(L  —  a)/L  —  P2{L'b  —  a-l)/L'l  +  P^'a/L  =  o 

Solving  and  placing  P  =  Pj^-\'P'2-\-  P,,  we  have 

P/L=(P,-l  +  P,-b)/a-l  (40) 

Equation  (40)  is  the  criterion  required. 

Maximum  Stresses  in  a  Bridge  with  Inclined  Chords. — Let  U^A-' 
be  a  web  member  in  a  truss  with  inclined  chords  in  Fig.  93.  Point  A 
is  the  intersection  of  the  upper  chord  f/iC/2  and  the  lower  chord  2'4'. 
The  stress  in  U24'  equals  the  moment  of  the  external  forces  about  the 
point  A,  divided  by  the  arm  c.  The  stress  in  the  web  member  U^^'  will 
then  be  a  maximum  when  the  bending  moment  at  -^  is  a  maximum. 
To  draw  the  moment  influence  diagram  for  the  point  A,  calculate  the 
bending  moments  about  A  for  the  unit  loads  at  2'  and  4'.    With  a  load 
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unity  at  4'  the  moment  at  A  is  (L  —  a  —  l)e/L,  and  with  a  load  unity 
at  2'  the  moment  at  A  is  (L  —  a)e/L--  (a  +  e),  a  negative  quantity. 
Laying  off  4-6  and  2-7  equal  to  these  moments,  the  influence  diagram 
for  bending  moment  at  A  is  the  polygon  1-2-4-5. 


^ 


\ttl  Ji=rsr 


1^ e ^-.  a-%!/3^ 


^'  ;;;^  !^ 


Fig.  93- 

The  maximum  stress  in  U24'  occurs  when  some  of  the  wheels  at 
the  head  of  the  train  are  in  the  panel  2'4'>  and  in  unusual  cases  only, 
when  a  load  is  to  the  left  of  2'.  Load  Pj  representing  the  summation 
of  the  loads  to  the  left  of  4'  will  always  come  in  the  panel  2'4'*  Load 
Pj,  representing  the  summation  of  the  loads  to  the  right  of  the  panel, 
will  always  come  to  the  right  of  the  panel  2'4'.  Now  the  moment 
at  A  is 

M=P2'y2  +  Pz'yz  (41) 

Now  move  the  loads  a  differential  distance  to  the  left,  it  being  assumed 
that  the  distribution  of  the  loads  is  not  changed,  and 

M  +  dM  =  P,(y,  —  dy,)  +  P,{y,  +  dy,)  (42) 

Subtracting  (41)  from  (42),  and  solving  for  a  maximum  we  have 
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dM=-P,dy,  +  P,dy,=o  (43) 

Now  dyf  =  dx-taxiaj,  and  d3f,  =  d;ftanaj,  and 

—  Pjtan  Oj  +  P,-tan  a, =o  (44) 

and  if  P=P,  +  P„ 

^/(5-3)=-P«/(3-6)  (45) 

Now  tan  aj  =  —  {i-^/L  —  a  —  e)/l,  and  tan  a^  =  e/L,  and  substituting 
in  (44)  we  have 

P/L  =  P,(i+a/e)/l  (46) 

Now  for  a  uniform  load  the  maximum  stress  in  the  member  U^' 
will  occur  when  the  truss  is  loaded  from  the  right  abutment  to  the 
point  3',  while  the  minimum  stress  will  occur  when  the  load  extends 
from  the  left  abutment  to  the  point  3'.  The  critical  point  3  can  be 
calculated  by  drawing  the  lines  M--2'-3'  and  N-4'-^'.  For  wheel  loads 
no  load,  should  in  general,  pass  3'  from  the  right  to  give  a  maximum 
stress  in  the  member. 

By  substituting  ^=  00  in  (46)  we  have  the  criterion  for  maximum 
shear  in  a  panel  of  a  bridge  with  parallel  chords. 

Resolution  of  the  Shear. — In  Fig.  94  the  stresses  U,  D  and  L  hold 
in  equilibrium  the  external  forces  on  the  left  of  the  section  cutting 
these  members.  These  external  forces  consist  of  a  left  reaction,  R,  at 
the  left  abutment  and  a  force  at  2,  equal  to  the  reaction  of  the  stringer 
2-3.  The  resultant,  S,  of  these  two  forces  acts  at  a  point  a  little  to 
the  left  of  the  left  reaction.  Its  position  may  be  determined  by 
moments.  Referring  to  Fig.  94,  let  the  resultant,  S,  be  replaced  by 
the  two  forces  P^  and  Pj,  Pi  acting  upwards  at  i  and  P3  acting  down- 
ward at  3  as  shown.     Now  taking  moments  about  point  I,  and 

S'a  =  P,'l  (47) 

Now  the  bending  moment  at  i  equals  Mj,  and 

P,  =  S-a/l  =  MJl  -  (48) 

Similarly  by  taking  moments  at  3,  we  have 
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Now 


S{a  +  l)=P^-l,  but  S(a  +  l)=M,,  and  P^=MJl 


S=P,  —  P^  =  MJl —MJl 


(49) 


where  S  is  the  shear  in  the  panel. 


u. a 


t 


R' 


M, 


a  •!    2 


'  ''^^Ll 


IS     R, 


(cx) 


n 


Fig.  94. 


Moment  Diagram. — A  moment  diagram  for  Cooper's  Class  E  40 
loading  is  given  in  Fig.  95.  The  bending  moments  are  given  in  thou- 
sands of  foot-pounds  for  one  rail.  The  first  line  gives  the  summation 
of  the  weights  of  the  wheels  in  thousands  of  pounds,  calculated  from 
the  head  of  the  uniform  load ;  the  second  line  gives  the  summation  of 
the  weights  of  the  wheels,  calculated  from  wheel  i  in  the  leading 
locomotive;  the  number  of  the  wheel  from  the  left  is  given  in  the 
small  circle  in  each  wheel;  the  weight  of  each  wheel  in  thousands  of 
pounds  is  given  in  each  wheel ;  the  first  line  under  the  wheels  gives 
the  distances  in  feet  between  the  centers  of  the  wheels ;  the  second  line 
under  the  wheels  gives  the  summation  of  the  distances  from  wheel  i ; 
while  the  third  line  under  the  wheels  gives  the  summation  of  the  dis- 
tances from  the  head  of  the  uniform  load.  The  fourth  line  below  the 
wheels  gives  the  summation  of  the  moments  of  all  wheels  to  the  left 
about  the  head  of  the  uniform  load  in  thousands  of  foot-pounds  for 
one  rail.  For  example,  the  moment  of  all  the  wheels  about  the  head 
of  the  uniform  load  is  16,364  thousand  foot-pounds.  The  fifth  line 
below  the  wheels  gives  the  summation  of  the  moments  of  all  wheels 
up  to  and  including  the  wheel  on  the  left  about  wheel  18,  etc.  Below 
the  stepped  line  the  moments  of  the  wheels  to  the  right  of  the  stepped 
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line  are  given  in  like  manner.  For  example,  it  is  required  to  calcu- 
late the  maximum  bending  moment  at  panel  point  L^  in  a  6-panel  Pratt 
truss,  having  a  span  oi  150  feet,  it  having  been  determined  by  apply- 
ing the  criterion  above  that  wheel  4  at  L^  produces  a  maximum  bending 
moment  at  L^.  Wheel  4  is  18  feet  from  wheel  i,  and  panel  L^  is  125 
feet  from  the  right  abutment.  The  distance  from  wheel  i  to  the  right 
abutment  is  then  18+125  =  143  feet.  The  distance  from  wheel  i 
to  the  head  of  the  uniform  load  is  109  feet,  and  there  is  143  —  109  =  34 
feet  of  uniform  load  on  the  bridge.  The  moment  of  the  two  locomo- 
tives about  the  head  of  the  uniform  load  is  16,364  thousand  foot- 
pounds, and  the  moment  of  the  locomotives  about  the  right  abutment 
is  16,364+284X34=16,364+9,656=26,020  thousand  foot-pounds. 
The  moment  of  the  uniform  load  about  the  right  abutment  is  34  X  2 
X  34/2  =  34^=1156  thousand  foot-pounds.  The  total  bending  mo- 
ment about  the  right  abutment  then  is  16,364+284X34  +  34^=27,176 
thousand  foot-pounds. 

The  left  reaction  is,  i?i=:  27,176/150  =181. 17  thousand  pounds. 
The  moment  of  the  left  reaction  about  the  panel  point  Li  =  27,176/150 
X  25  thousand  foot-pounds.  The  bending  moment  of  wheels  i,  2  and 
3  about  wheel  4  is,  from  the  moment  diagram,  480  thousand  foot- 
pounds.    The  bending  moment  at  panel  point  L^  will  then  be 

=  27, 1 76/ 1  so  X  25  —  480  =  4,049-3 

thousand  foot-pounds.  To  calculate  the  stress  in  the  lower  chord 
members  L^L^  and  L1L2,  divide  the  bending  moment  just  obtained  by 
the  depth  of  the  truss. 

The  shear  in  the  panel  L^L^  is  equal  to  the  left  reaction  of  the  truss 
minus  the  left  reaction  of  the  floor  stringers,  is  5*=:  181. 17  —  480/25 
=  181.17 — 19.2=162.17  thousand  pounds. 

For  the  calculation  of  the  stresses  in  a  Pratt  truss,  see  Problem  21, 
Chapter  IX. 


CHAPTER  VII. 
Stresses  in  Lateral  Systems. 

Introduction. — The  wind  loads  on  bridges  are  carried  to  the  abut- 
ments by  the  lateral  systems.  In  a  through  truss  bridge  the  lateral 
systems  usually  consist  of  the  top  lateral  system,  the  bottom  lateral 
system,  the  intermediate  bents  or  sway  bracing  between  the  inter- 
mediate posts,  and  the  portals  in  the  planes  of  the  end-posts  as  shown 
in  Fig.  I.  In  shallow  through  truss  bridges  the  sway  bracing  is  some- 
times omitted ;  in  deck  trusses  the  portals  are  replaced  by  sway  bracing ; 
while  in  low  trusses  the  bottom  lateral  system  only  is  used. 
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Fig.  96. 

Wind  Loads. — The  wind  loads  are  usually  given  m  specifications 
as  a  certain  number  of  pounds  per  lineal  foot  of  bridge  or  per  square 
foot  of  exposed  surface.    The  wind  load  is  usually  taken  at  30  lbs. 
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per  square  foot  of  exposed  surface  when  the  live  load  is  on  the  bridge 
and  at  50  lbs.  per  square  foot  of  exposed  surface  when  the  bridge  is 
unloaded. 
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Fig.  97a. 

The  usual  specification  for  highway  bridges  is:  A  wind  load  of 
150  lbs.  per  lineal  foot  of  bridge  on  the  unloaded  chord  to  be  treated 
as  a  dead  load,  and  a  wind  load  of  300  lbs.  per  lineal  foot  of  bridge 
on  the  loaded  chord,  150  lbs.  of  which  is  to  be  treated  as  a  dead  load 
and  150  lbs,  to  be  treated  as  a  live  load.  In  railroad  bridges  the  dead 
load  wind  is  usually  taken  the  same  as  for  highway  bridges,  while  the 
live  load  wind  is  taken  at  450  lbs.  per  lineal  foot.  For  extracts  from 
standard  specifications,  see  Chapter  II. 

STRESSES  IN  LATERAL  SYSTEMS.— In  the  through  Pratt 
truss  bridge  in  Fig.  96  the  wind  joint  loads  on  the  upper  chord  are 
equal  to  U,  while  the  joint  loads  on  the  lower  chord  are  equal  to  L. 
Where  sway  bracing  is  used,  part  of  the  upper  chord  loads  are  trans- 
ferred to  the  lower  lateral  system  by  the  sway  bracing.  The  exact 
amount  thus  transferred  is  statically  indeterminate,  but  is  usually 
assumed  as  U/2  at  all  joints  having  sway  bracing.  This  load  U/2 
produces  a  vertical  load,  K,  at  each  joint  in  the  vertical  trusses,  which 
acts  downward  on  the  leeward  and  upward  on  the  windward  side  of 
the  bridge.  Each  portal  transfers  the  load  carried  to  the  hip  joint  by 
the  upper  lateral  system,  and  the  load  at  the  hip  joint  to  the  abutments. 
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This  produces  a  tension  V-sinO  in  the  bottom  chord  on  the  leeward 
side  and  a  compression  F-sin  ^  in  the  bottom  chord  on  the  windward 
side. 

The  stresses  in  the  lateral  systems  of  a  highway  bridge  are  calcu- 
lated in  detail  in  Fig.  286,  in  Part  III. 

In  addition  to  the  wind  loads  on  the  top  chord  that  are  transferred 
to  the  bottom  lateral  system,  the  wind  load  on  the  train  of  cars  on 
steam  and  electric  railway  bridges,  increases  the  loading  on  the  vertical 
trusses  on  the  leeward  side  and  decreases  the  loading  on  the  windward 
side  of  the  bridge  as  shown  in  Fig.  97a.  This  increase  or  decrease  in 
vertical  loading  can  be  calculated  by  taking  moments  about  the  line 
of  the  pins  in  the  lower  chord.  The  wind  load  acting  on  the  train  is 
usually  specified  as  applied  six  feet  above  the  base  of  the  rail. 

Skew  Bridge. — In  a  skew  bridge  the  abutments  are  not  at  right 
angles  to  the  center  line  of  the  bridge.    This  gives  a  warped  portal,  and 


li\>iyMxiyixi-<\.^ 


i^S-*i 


Fig.  97&.    Skew  Bridge. 


ties  which  are  not  vertical  unless  the  bridge  is  skewed  one  entire  panel 
as  is  shown  in  Fig.  gyb,  which  is  the  common  practice. 

Initial  Stresses. — In  (a)  Fig.  98  the  diagonal  lateral  rods  have  an 
initial  stress  of  10,000  lbs.  in  each  rod.  In  (b)  the  lateral  truss  is 
loaded  with  loads  of  12,000  lbs.  at  joints  B,  C  and  D,  producing  stresses 
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as  shown.  In  (c)  the  combined  stresses  due  to  direct  loads  and  the 
initial  stresses  are  shown.  The  stresses  in  the  chords  and  struts  can 
now  be  calculated  by  algebraic  resolution.  The  stresses  are  combined 
as  follows :  In  panel  B-C  each  rod  has  an  intitial  stress  of  10,000  lbs., 
and  in  addition  must  transfer  a  wind  shear  of  6,000  lbs.  or  an  inclined 
stress  of  9,000  lbs.     Half  of  the  9,000  lbs.  or  4,500  lbs.  will  be  added 
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Fig.  98. 

to  the  initial  stress  in  Be,  making  the  stress  — 14,500  lbs.,  while  4,500 
lbs.  will  be  subtracted  from  the  initial  stress  in  Ch,  making  the  stress 
—  5*500  lt>s.  In  panel  A-B  the  initial  stress  in  aB  is  entirely  relieved 
by  the  direct  stress,  while  the  initial  stress  in  /^ 6  is  increased  by  the 
direct  stress  remaining  after  the  initial  stress  of  10,000  lbs.  was  relieved 
in  aB,  or  17,000  lbs.,  making  the  total  stress  \nAh=^ — 10,000 — 17,000 
=  —  27,000  lbs.,  the  same  as  if  there  had  been  no  initial  stress  in  the 
panel.  This  solution  is  based  on  the  mathematical  principle  "  That  if 
a  load  may  be  carried  from  one  point  to  another  by  more  than  one 
route,  it  will  be  divided  between  the  routes  in  proportion  to  the  rigidi- 
ties  of  the  routes."  In  the  problem  above  the  two  routes  are  assumed 
to  have  the  same  rigidities. 

PORTALS- — Portal  bracing  is  placed  at  the  ends  of  through 
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bridges  in  the  planes  of  the  end-posts  to  transfer  the  wind  loads  from 
the  upper  lateral  system  to  the  abutments.  The  stresses  in  the  sway 
bracing  placed  in  the  planes  of  the  intermediate  posts  are  calculated  in 
the  same  manner  as  the  stresses  in  portal  bracing.  Portal  bracing 
should  be  designed  so  that  the  stresses  will  be  statically  determinate. 
Several  different  types  of  portals  are  shown  in  Fig.  99.    Types  (a), 
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(f) 


Fig.  99.    Types  of  Portals. 

(b)  and  (d)  are  the  ones  most  used  for  highway  bridges.  The  lower 
ends  of  the  end-posts  may  be  hinged  (free  to  turn),  or  fixed.  The 
criterion  for  determining  whether  the  end-posts  are  fixed  or  not  will 
be  discussed  in  Chapter  VII. 

Case  I.  Stresses  in  Simple  Portals:  End-posts  Hinged. — The 
deflections  of  the  posts  in  the  portals  shown  in  Fig.  99  are  assumed  to 
be  equal,  and 

H  =  H'=R/2 

9 
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Taking  moments  about  the  foot  of  the  windward  post 

V'  =  —V=R'h/s 

Having  found  the  external  forces,  the  stresses  in  the  members  may 
be  found  by  either  algebraic  or  graphic  methods. 

Algebraic  Solution.  Portal  (a). — To  obtain  the  stress  in  member 
G-C,  (a)  Fig.  99,  pass  a  section  cutting  G-F,  E-F  and  G-C,  and  take 
moments  of  the  external  forces  to  the  right  of  the  section,  about  point 
f  as  a  center. 

G-C  =  —  H'h/[(h  —  d)  sin 0]  (50) 

But  H  =  R/2,  and  (h  —  d)  sm$=  j^s- cos 0,  Substituting  these 
values  in  (50)  we  have 

G''C  =  — R-h/(s'Cos 6)  =—V  sec 0  (51) 

Resolving  at  C  and  F  we  have,  stress  in  E-F  =  o,  and  also  stresses 
£-£'andH-£'  =  o. 

To  obtain  stress  in  G-D,  pass  section  cutting  H-G,  H-E'  and  G-D, 
and  take  moments  of  the  external  forces  to  the  left  of  the  section,  about 
point  H  2lS2l  center. 

G-D  =  H'h/[{h  —  d)  sme]  =  +V'sece  (52) 

To  obtain  stress  in  G-F,  pass  a  section  cutting  G-F,  E-F  and  G-C, 
and  take  moments  of  the  external  forces  to  the  right  of  the  section, 
about  point  C  as  a  center. 

G-F  =  +[R{h-d)+H-dy{h-d)  (53) 

To  obtain  stress  in  H-G,  pass  a  section  cutting  H-G,  H-E'  and 
G-D,  and  take  moments  of  the  external  forces  to  the  left  of  the  section, 
about  the  point  Z)  as  a  center. 

,H-G  =  —  H'd/(h-d)  (54) 

The  stress  in  the  windward  post,  A-F,  is  zero  above  and  V  below 
the  foot  of  the  knee  brace  C;  the  stress  in  the  leeward  post  is  zero 
above  and  V  below  the  foot  of  the  knee  brace  D. 
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The  shear  in  the  posts  is  H  below  the  foot  of  the  knee  brace,  and 
above  the  foot  of  the  knee  brace  is  given  by  the  formula 

S'=H-d/(/^  — d)=stressinH-G  (55) 

The  maximum  moment  in  the  posts  occurs  at  the  foot  of  the  knee 
braces  C  and  D,  and  is 

M  =  Hd  (56) 

For  the  actual  stresses,  moments  and  shears  in  a  portal  of  this  type, 
see  Fig.  100. 

Portal  (&). — The  stresses  in  portal  (b)  Fig,  99,  are  found  in  the 
same  manner  as  in  portal  (a).  The  graphic  solution  of  a  similar 
portal  with  one  more  panel  is  given  in  Fig.  loi,  which  see.  It  should 
be  noted  that  all  members  are  stressed  in  portals  (b)  and  (d). 

Portal  (c). — The  stresses  in  portal  (c)  Fig.  99,  may  be  obtained 
(i)  by  separating  the  portal  into  two  separate  portals  with  simple 
bracing,  the  stresses  found  by  calculating  the  separate  simple  portals 
with  a  \o2lA=^R,  being  combined  algebraically,  to  give  the  stresses 
in  the  portal;  or  (2)  by  assuming  that  the  stresses  are  all  taken  by 
the  system  of  bracing  in  which  the  diagonal  ties  are  in  tension.  The 
latter  method  is  the  one  usually  employed  and  is  the  simpler. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by 
the  same  formulas  as  in  (a)  Fig.  99. 

Portal  (e), — In  portal  (e)  Fig.  99,  the  flanges  G-F  and  D-C  are 
assumed  to  take  all  the  bending  moment,  and  the  lattice  web  bracing 
is  assumed  to  take  all  the  shear.  The  maximum  compression  in  the 
upper  flange  G-F  occurs  at  F,  and  is 

G-F  =  +[R(h-d)  +  Hd]/(h-d)  (57) 

The  maximum  tension  in  the  upper  flange  G-F  is 

G-F=—H-d/(h  —  d)  (58) 

The  maximum  stress  in  the  lower  flange  D-C  is 

D-C=±H-h/(h  —  d)  (59) 
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maximum  tension  occurring  at  C,  and  maximum  compression  occurring 
at  D, 

The  maximum  shear  in  the  portal  strut  is  V,  which  is  assumed  as 
taken  equally  by  the  lattice  members  cut  by  a  section,  as  a-a. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by 
the  same  formulas  as  in  (a)  Fig.  99. 

Portal  (/). — The  maximum  moment  in  the  portal  strut  I-F  in  (f) 
Fig.  99,  occurs  at  H  and  G,  and  is 

M  =  +  H'h  —  V'a  (60) 

The  maximum  direct  stress  in  H-G  is  +  H,  and  in  I-H  is 

I-H=—Hd/{h  —  d)  (61) 

The  maximum  stress  in  G-F  is  given  by  formula  (53). 

The  maximum  shear  in  girder  I-F  is  equal  to  V,  The  stress  in 
G-C  is  —  V'secO  and  in  H-D  is  +  V-stcO,  as  in  (a)  Fig.  99. 

Portal  strut  I-F  is  designed  as  a  girder  to  take  the  maximum 
moment,  shear  and  direct  stress. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the 
same  formulas  as  in  (a)  Fig.  99. 

Graphic  Solution. — To  make  the  solution  of  the  stresses  statically 
determinate,  replace  the  posts  in  the  portals  with  trussed  framework 
as  in  Fig.  100.  The  stresses  in  the  interior  members  are  not  affected 
by  substituting  the  dotted  members,  and  will  be  correctly  given  by 
graphic  resolution.  ^ 

As  before  H  =  H'  =  R/2  and  V  =  —V'  =  R-h/s. 

Having  the  calculated  H,  //',  V  and  F',  the  stresses  are  calculated 
by  graphic  resolution  as  follows :  Beginning  at  the  base  of  the  column  A, 
lay  off  /4-4=F  =  3,000  lbs.  acting  downward,  and  ^-a  =  H  =  1,000 
lbs.  acting  to  the  right.  Then  a-i  and  4-1  are  the  stresses  in  members 
a-i  and  4-1,  respectively,  heavy  lines  indicating  compression  and  light 
lines  tension.  At  joint  in  auxiliary  truss  to  right  of  C  the  stress  in  i-a 
is  known  and  stresses  in  1-2  and  2-a  are  found  by  closing  the  polygon. 
The  stresses  in  the  remaining  members  are  found  in  like  manner,  taking 
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joints  C,  E,  F,  etc.,  in  order,  and  finally  checking  up  at  the  base  of  the 
post  B.  The  full  lines  in  the  stress  diagram  represent  stresses  in 
the  portal ;  the  dotted  lines  represent  stresses  in  the  auxiliary  members 
or  stresses  in  members  due  to  auxiliary  members,  and  are  of  no  con- 
sequence.    The  shears  and  moments  are  shown  in  the  diagram. 
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Fig.  100. 

Simple  Portal  as  a  Three-Hinged  Arch. — In  a  simple  portal  the 
resultant  reactions  and  the  external  load,  R,  meet  in  a  point  at  the 
middle  of  the  top  strut,  and  the  portal  then  becomes  a  three-hinged 
arch  ("  Design  of  Steel  Mill  Buildings,"  Chapter  XIII),  provided  there 
IS  a  joint  at  that  point  (point  b,  Fig.  loi). 

In  Fig.  10 1  the  reactions  were  calculated  graphically  and  the  stresses 
in  the  portal  were  calculated  by  graphic  resolution.     Full  lines  in  the 
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Fig.  ioi. 

stress  diagram  represent  required  stresses  in  the  members.  Stresses 
3-2  and  11-12  were  determined  by  dropping  verticals  from  points  3 
and  II  to  tlie  load  line  4-10. 

Case  II.     Stresses  in  Simple  Portals.    Posis  Fixed. — The  calcu- 
lation of  the  stresses  in  a  portal  with  posts  fixed  at  the  base  is  similar 
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to  the  calculation  of  stresses  in  a  transverse  bent  with  columns  fixed 
at  the  base.*    The  point  of  contra-flexure  is  at  the  point 

d  +  2h 


yo=(d/2) 


(62) 


2d  +  h 

measured  up  from  the  base  of  the  post.  The  point  of  contra-flexure 
is  usually  taken  at  a  point  a  distance  d/2  above  the  bases  of  the 
posts. 

b 


^5*3)-»'«> 


.I08000in-lb»-  VH-KXX) 

Moment     5hear 


^  Rortal 

CASE    2 
Columns  Fixed 

Stress    Diaqram 
o       1000    eooo    9000 
till 


Compression 
"Tension 


Fig.  102. 

The  stresses  in  a  portal  with  posts  fixed  may  be  calculated  by  con- 
sidering the  posts  hinged  at  the  point  of  contra-flexure  and  solving 
as  in  Case  i. 

Algebraic  Solution. — In  Fig.  102  we  have 

H  =  H'  =  R/2 
and 


*  See  the  author's  book  "  The  Design  of  Steel  Mill  Buildings,"  Chapter  XL 
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R{h  —  d) 


V=  —  V'  = 


2S 


Having  found  the  reactions  H  and  H\  V  and  F',  the  stresses  in 
the  members  are  found  by  taking  moments  as  in  (a)  Fig.  99,  consid- 
ering the  posts  as  hinged  at  the  point  of  contra-flexure.  The  shear 
diagram  for  the  posts  is  as  shown  in  (a)  and  the  moment  diagram  as 
in  (c)  Fig.  102. 

Graphic  Solution. — The  stresses  in  the  portal  in  Fig.  102  have  been 
calculated  by  graphic  resolution.  This  problem  is  solved  in  the  same 
manner  as  the  simple  portal  with  hinged  posts  in  Fig.  100. 

For  the  calculation  of  the  stresses  in  a  portal,  see  Problem  22, 
Chapter  IX. 


CHAPTER  VIII. 

Stresses  in  Pins,  Eccentric  and  Combined  Stresses,  Deflection 
OF  Trusses,  Stresses  in  Rollers,  and  Camber. 

STRESSES  IN  PINS.— A  pin  under  ordinary  conditions  is  a  short 
beam  and  must  be  designed  (i)  for  bending,  (2)  for  shear,  and  (3) 
for  bearing.  If  a  pin  becomes  bent  the  distribution  of  the  loads  and 
the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  S,  is  found  by  means  of  the  fundamental 
formula  for  flexure,  S  =  Mc/I,  where  the  maximum  bending  moment, 
M,  is  found  as  explained  later;  /  is  the  moment  of  inertia;  and  c  is 
one-half  the  radius  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  specifications  are  for 
a  uniform  distribution  of  the  shear  over  the  entire  cross-section,  and 
the  actual  unit  shearing  stress  to  be  used  in  designing  will  be  equal  to 
the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  pin. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member 
by  the  bearing  area  of  the  pin,  found  by  multiplying  the  thickness  of 
the  bearing  plates  by  the  diameter  of  the  pin. 

Calculation  of  Stresses. — The  method  of  calculation  will  be  illus-. 
trated  by  calculating  the  stresses  in  the  pin  at  U^  in  (a)  Fig.  103.  In 
the  complete  investigation  of  the  pin  C/j,  it  would  be  necessary  to  calcu- 
late the  stresses  when  the  stress  in  U1U2  was  a  maximum,  and  when 
the  stress  in  U^L^  was  a  maximum.  Only  the  case  where  the  stress 
in  Ui  U2  is  a  maximum  will  be  considered.  However,  maximum  stresses 
in  pins  sometimes  occur  when  the  stress  in  f/Xj  is  a  maximum,  and 
this  case  should  be  considered  in  practice. 

Bending  Moment. — ^The  stresses  in  the  members  are  shown  in  (c) 
Fig.  103,  which  gives  the  force  polygon  for  the  forces.  The  makeup 
of  the  members  is  shown  in  (a),  and  the  pin  packing  on  one  side  is 
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shown  in  (b).  The  stresses  shown  in  (c)  are  applied  one-half  on 
each  side  of  the  member,  the  pin  acting  like  a  simple  beam.  The 
stresses  are  assumed  as  applied  at  the  centers  of  the  members. 


1  T.ii.fiyA^l 

■'■■  fp-^*, 

Pin  Packing. 

Cb) 

*■  198600 -^3Z2eX!'^^       ^  jai—/g3;--k-/.?3^/i -Algebraic Moments, 
'■  — * — '  J  J.      I  HonimM  Compomnti. 

fhmanH  of 

I'O""  ,„ 

Z=l6S4(XI»0.5!=8766ir 
.ii4'l65A00nM         ., 

•^sm'm=2omo 

Hiiical  Cempomntj. 


Memtnfi  at 

5-0*'  , 

7-l26300'l.8i'25ll00*° 

&--ium'im 

-B4IOOf.Lli-28ieOO* 


Fig,  103.    Sthesses  in  a  Pin  ;  Algebbaic  Solution. 


Algebraic  Method. — The  amounts  of  the  forces  and  the  distances 
between  their  points  of  application  as  calculated  from  (b)  are  shown 
in  (d)  Fig.  103,  The  horizontal  and  vertical  components  of  the  forces 
are  considered  separately,  the  maximum  horizontal  bending  moment 
and  the  maximum  vertical  bending  moment  are  calculated  for  the  same 
point,  and  the  resultant  moment  is  then  found  by  means  of  the  force 
triangle. 

In  (d)  the  horizontal  bending  moments  are  calculated  about  the 
points  I,  2,  3,  4;  the  maximum  horizontal  moment  is  to  the  right  of 
3,  and  is  208,600  in,-lbs.     The  vertical  bending  moments  are  calculated 
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about  points  5,  6,  7,  8 ;  the  maximum  vertical  bending  moment  is  to  the 
right  of  8,  and  is  283,000  in.-lbs-  The  maximum  bending  moment  is  at 
and  to  the  right  of  4  and  8,  and  is  V 208,600^  +  2837060^  =  351,600 
in.-lbs.     Substituting  in  the  formula  S  =  Mc/I,  the  maximum  bending 


Horizontal  rioment  Fo\yq6r\. 


Force  Polygon, 
Horizontal  Comp. 

(c) 
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•j-T  Vertical  Comp. 

Design  of  Pi n . 

Maximum  Dendinq  Momtnf 

^351000*" 
Allo¥\^able  denoting  Moment 
for  Q" pin  y  using  fiber  stress 
m  13000  *(page  30^  Camhrioi) 

-331700*"  ^ 

Maximum  Shear- /034OO 
Aciuai  Fiber  5tress- 5750* 


Allowable 


9000' 


Vfertjcal>5hear  Diagram. 

Maximum  5hear:/Q5400* 

Fig.  104.    Stresses  in  a  Pin;  Graphic  Solution. 

stress  is  5*=  16,600  lbs.     The  allowable  bending  stress  for  which  this 
bridge  was  designed  was  18,000  lbs.  per  square  inch. 

Graphic  Method, — The  amounts  of  the  forces  and  the  distances 
between  their  points  of  application  are  shown  in  (b)  Fig.  104.  The 
force  polygon  for  the  horizontal  components  is  given  in  (c),  and  the 
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bending  moment  polygon  is  given  in  (a).  The  maximum  horizontal 
bending  moment  will  be  to  the  right  of  3,  and  will  be  //  X  y  =  200,000 
X  1.04  =  208,000  in.-lbs.  The  force  polygon  for  the  vertical  forces 
is  given  in  (d)  and  the  bending  moment  polygon  is  given  in  (e).  The 
maximum  vertical  bending  moment  is  to  the  right  of  8,  and  is  //  X  y 
=  200,000  X  1.42  =  284,000  in.-lbs.  The  maximum  bending  moment 
will  occur  at  and  to  the  right  of  4  and  8,  and  will  be  351,000  in.-lbs., 
as  shown  in  (f). 

Shear. — The  shear  is  found  for  both  the  horizontal  and  vertical  com- 
ponents as  in  a  simple  beam,  and  is  equal  to  the  summation  of  all  the 
forces  to  the  left  of  the  section.  The  horizontal  shear  diagram  is  shown  in 
(g) ,  and  the  vertical  shear  diagram  is  shown  in  (h)  Fig.  104.  The  maxi- 
mum horizontal  shear  is  between  i  and  2,  and  is  165,400  lbs.  The  shear 
between  2  and  3  is  165400  —  99,300  =  66,100  lbs.  The  maximum  ver- 
tical shear  is  between  6  and  7,  and  is  126,300  lbs.  The  resultant  shear 
between  2  and  3,  and  6  and  7,  is  V  126,300*  +  66,100*=  145,000  lbs. 
as  in  (i),  which  is  less  than  the  horizontal  shear  between  i  and  2.  The 
maximum  shear,  therefore,  comes  between  i  and  2,  and  is  165,400  lbs. 
The  maximum  shearing  unit  stress  is  5,750  lbs.  The  allowable  shear- 
ing stress  was  9,000"  lbs. 

Bearing. — The  bearing  stress  inL^^C/i  is  160,650^7-6  X  1.94=13,800 
lbs.  Bearing  stress  in  C/iC/j  ^s  165,400-^-6  X  1.88=  14,600 lbs.  Bear- 
ing stress  in  U^L^  is  42,200-^-6  X  0.89  =  7,900  lbs.  Bearing  stress  in 
[/^Lj  is  107,000-^-6  X  ItV=  12400  lbs.  The  allowable  bearing  stress 
was  15,000  lbs. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160- ft.  steel  high- 
way bridge,  see  Chapter  XXII,  Part  III. 

COMBINED  AND  ECCENTRIC  STRESSES.— The  combined 
stress  due  to  direct  and  cross-bending  in  a  tie  or  strut  is  given  by  the 
formula* 

/=/,d=/,=^±-^^  (63) 

♦  For  the  derivation  of  this  formula,  see  "  Steel  Mill  Buildings,"  Chapter  XV. 
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where  P  =  total  direct  stress  in  the  member  in  lbs.; 
I  =  length  of  the  member  in  ins. ; 
/  =  moment  of  inertia  of  the  member  in  ins.  to  the  fourth  power ; 
^1  =  distance  in  ins.  from  the  neutral  axis  to  the  most  remote 

fiber  on  the  side  for  which  the  stress  is  desired ; 
E  =  modulus  of  elasticity  of  the  material  in  lbs.  per  sq.  in. ; 
A=2LTeaL  of  the  member  in  sq.  ins. ; 
f^  =  fiber  stress  due  to  cross-bending ; 
f2=P/A  =  direct  unit  stress ; 
Ml  =  bending  moment  on  the  section  in  in.-lbs. ; 
r  =  a  coefficient  depending  upon  the  method  of  loading  and  the 
condition  of  the  ends,  arid  is  usually  taken  as  lo  for  struts 
with  hinged  ends,  24  for  struts  with  one  end  hinged  and 
the  other  end  fixed,  and  32  for  both  ends  fixed.  ' 
The  plus  sign  in  the  denominator  of  (63)  is  to  be  used  when  P  is  a 
tensile  stress,  and  the  minus  sign  is  to  be  used  when  F  is  a  compressive 
stress.     If  the  member  is  inclined  at  an  angle  $  to  the  vertical,  the 
stress  /i  should  be  multiplied  by  sin^.     For  an  eccentric  stress  the 
bending  moment  is  M^  =  P'e,  where  P  is  the  total  direct  stress  in  the 
member  and  e  is  the  eccentricity  of  the  load  in  ins.  (distance  from  the 
line  of  action  of  the  force  to  the  neutral  axis  of  the  member). 

Combined  Compression  and  Cross-bending. — The  method  of  cal- 
culating direct  and  cross-bending  stresses  will  be  illustrated  by  calcu- 
lating the  stresses  in  the  end-post  of  a  bridge,  Fig.  105,  due  to  direct 
compression,  weight,  eccentricity  of  loading,  and  wind  moment. 

The  end-post  is  composed  of  two  lo-inch  channels  weighing  15 
lbs.  per  foot  with  a  14"  X  \"  plate  riveted  on  the  upper  side,  and  laced 
on  the  lower  side  with  single  lacing.  The  pins  are  placed  in  the  center 
of  the  channels,  giving  an  eccentricity  of  ^=1.44  inches.  The  com- 
pressive stress,  P,  produces  a  uniform  compression  on  all  fibers  of  the 
section;  weight  of  the  member  causes  tension  on  the  lower  and  com- 
pression on  the  upper  fibers ;  eccentricity  of  the  load  P  causes  compres- 
sion on  lower  and  tension  on  upper  fibers;  and  wind  moment  causes 
compression  on  the  windward  and  tension  on  the  leeward  fibers.     The 
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maximum  fiber  stress  will  come  at  the  foot  of  the  portal  knee  brace 
either  on  the  upper  or  lower  fibers  on  the  windward  side  of  the  post, 
depending  upon  whether  the  stress  due  to  weight  is  greater  than  the 
stress  due  to  eccentric  loading,  or  the  reverse. 
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Fig.  105. 


Stress  Due  to  Weight  of  Member, — The  total  weight  of  the  member 
is  as  follows : 


Two  10"  [s  @  IS  lbs.,  30'  o"  long 
One  14''  X  V  Pl.@,ii.9  lbs., 30' o" long 
Details  and  lacing,  26  per  cent 
Total  weight,  W, 


900  lbs. 
357  lbs. 
328  lbs. 


=  1,585  lbs. 


Bending  moment  due  to  weight  of  the  member,  M  =  \W'hs\nO, 
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Stress  due  to  weight 


loE  loE 

Stress  due  to  weight  in  upper  fiber 

.      J  X  1,585  X  3S8  X  .633  X  3.81       ,  ,,      ,  .     . 

f  -a  5 L£_^^ ±i ^^^^r^ —  =  +  i,icx>  lbs.  (compression) 

^-  95>30QX  358'  ^    '  ^       ^  ^ 

^^         10  X  28,000,000 

Stress  due  to  weight  in  lower  fiber 

/^'  =  6.44/3.8i  X  1,100  =  — 1,860  lbs.  (tension) 

Stress  Due  to  Eccentric  Loading. — The  stress  in  the  extreme  fiber 
due  to  eccentric  loading  will  be 

M-yy^  Pey^ 

"  loE        ""  loE 
Eccentric  stress  in  upper  fiber 

9Si300  X  1.44  X  3.81  «      /       .     V 

/  =  -^^^ ^^ — ^— 52-  =*  —  3,347  lbs.  (tension) 

^^'  ID  X  28,000,000 

Eccentric  stress  in  lower  fiber 

//  =  6.44/3.81  X  3,347  =  +  S»657  lbs.  (compression) 
The  resultant  stress  due  to  eccentric  loading  and  weight  will  be 

=  —  3,347  +  1,100  =  —  2,247  lbs.  in  upper  fiber 
=  +  5^657  —  1,860  =  +  3,797  lbs.  in  lower  fiber 

The  maximum  stress  in  the  member  due  to  direct  loading,  weight 
of  member  and  eccentric  loading  will  occur  in  the  lower  fiber  and 
will  be 

=  95.300/12.42  +  3^797  =  +  1 1470  lbs. 
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To  determine  the  position  of  the  pin  so  that  stress  due  to  weight 
will  neutralize  stress  due  to  eccentric  loading  make 

p.^'  =  4H/./.sin^, 
where  e'  is  the  distance  of  the  pin  below  the  neutral  axis. 

Substituting  and  solving,  95,300  X  ^'  =  4(1585  X  3S8  X  .633) 

^'  =  .48" 

Stress  Due  to  Wind  Moment. — Before  calculating  the  stress  due  to 
wind  moment,  it  will  be  necessary  to  determine  whether  the  end-post 
is  fixed  or  hinged. 

If  the  end-post.  Fig.  106,  is  fixed,  the  negative  moment  developed 
at  the  lower  pin,  L^,  will  be  M  =  H'd/2=  (3,200  X  226)72  =  361,600 
in.-lbs. 

In  order  to  obtain  this  condition  of  fixidity,  the  stress  in  the  member 
must  develop  a  resisting  moment  equal  in  amount. 

Therefore  the  post  may  be  considered  fixed  if 

i{95.3O0—V)a^iH'd 
or 

i(9S»300— 8,520)8^361,600 
but 

347,120  <  361,600 

and  the  end-post  will  not  be  fixed. 

(While  this  is  the  usual  solution,  the  resisting  moment  certainly 
reduces  the  bending  moment  and  the  bending  stress  is  less  than  com- 
puted below.     See  solution  in  Fig.  290,  Chapter  XXII.) 

The  maximum  moment  will  then  occur  at  the  foot  of  the  portal 
knee  brace  and  will  be  M  =  3,200  X  226  =  723,200  in.-lbs. 

Stress  due  to  wind  moment  is  a  maximum  in  the  leeward  post,  and  is 

M'jy^  723,200  X  7 


/-  = 


f^^H     ^yr_(95>300+  12,500)358' 
loE       ^^  10  X  28,000,000 


/«;  =  ±:  22480  lbs. 


TENSION    AND   CROSS-BENDING. 


129 


Stress  /  «,,  is  compression  on  the  windward  side  and  tension  on  the 
leeward  side  of  the  member. 
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Porral.Columns  Hinged.        Pcrlal, Columns  Fixed.  Windward  RedeslaL 
(a)  Cb)  (c) 

Fig.  io6. 


In  this  case  the  maximum  stress  comes  on  the  lower  fibers  of  the 
windward  side  of  the  post. 

Combined  Tension  and  Cross-bending. — The  stress  due  to  cross- 
bending  when  the  member  is  also  subjected  to  direct  tension  is  given 
by  the  formula 


/2  = 


./  + 


p.p 


(64) 


the  nomenclature  being  the  same  as  in  (63).    The  constant  c  is  taken 
equal  to  10  where  the  ends  are  hinged. 

Stress  in  a  Bar  Due  to  its  Own  Weight — Let  &  =  breadth  of  bar 

in  inches;  A  =  depth  of  bar  in  inches;  ze;  =  weight  of  bar  per  lineal 

inch  =  o.28  b'h  lbs.;  /2  =  F/fc-/i  =  direct  unit  stress  in  lbs.  per  sq.  in. 
We  will  also  have  yj^  =  ^h;  Mi  =  iw'P;  P=f^'b'h, 

Substituting  in  (64),  we  have 


/i  = 


iw  P-^h 


4,900,oooA 


6/r' 


+ 


Ab-h-l-' 


12         10  X  28,OCX),000 


/.  +  23,000,000  I  7 


(?r 


(65) 


where  f^  is  the  extreme  fiber  stress  in  the  bar  due  to  weight,  and  is 
tension  in  lower  fiber  and  compression  in  upper  fiber. 


10   • 
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If  the  bar  is  inclined,  the  stress  obtained  by  formula  (65)  must  be 
multiplied  by  the  sine  of  the  angle  that  the  bar  makes  with  a  vertical 
line.  Formula  (65)  is  much  more  convenient  for  actual  use  than 
formula  (64). 

Diagram  for  Stress  in  Bars   Due  to  Their  Own  Weight — 

Taking  the  reciprocal  of  (65),  we  have 


and 


J      ^      23,000,000  (y'J 
7i ""  4,90o,oooA  "^   4,900,oooA   ^-^^  "^-^^ 


i /,. 


A=i/(3'i+y2)  (66) 


Fig.  107  gives  values  of  y^  for  different  values  of  /a,  and  values 
of  y2  for  different  values  of  the  length  in  feet,  L.  The  values  of  y^ 
and  ya  can  be  read  off  the  diagram  directly  for  any  value  of  h,  /a  and 
L.  And  then,  if  the  sum  of  y^  and  y^  be  taken  on  the  lower  part  of  the 
diagram,  the  reciprocal,  which  is  the  fiber  stress  /,,  may  be  read  off  the 
right  hand  side. 

The  use  of  the  diagram  will  be  illustrated  by  two  problems : 

Problem  i. — Required  the  stress  in  a  4"  X  i"  eye-bar,  20'  o"  long, 
which  has  a  direct  tension  of  56,000  lbs. 

In  this  case,  A  =  4",  L  =  2o'  o",  and  /2=  14,000  lbs.  per  sq.  in. 
The  stress  due  to  weight,  /j,  is  found  as  follows:  On  the  bottom  of 
the  diagram,  Fig.  107,  find  A  =  4  inches,  follow  up  the  vertical  line  to 
its  intersection  with  inclined  line  marked,  L  =  20  feet,  and  then  follow 
the  horizontal  line  passing  through  the  point  of  intersection  out  to  the 
left  margin  and  find,  y2  =  3.3  tens  of  thousandths;  then  follow  the 
vertical  line,  A  =  4  inches,  up  to  its  intersection  with  inclined  line 
marked,  f^  =  14,000,  and  then  follow  the  horizontal  line  passing  through 
the  point  of  intersection  out  to  the  left  margin  and  find,  yj^  =  y,2  tens 
of  thousandths. 

Now  to  find  the  reciprocal  of  y^  4-  y2  =  y.2  4-  33  =  10.5,  find  value 
oi  ^1  +  3^2  =  IO-5  on  lower  edge  of  diagram,  follow  vertical  line  to  its 
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intersection  with  inclined  line  marked  "  Line  of  Reciprocals  "  and  find 
stress  /,  by  following  horizontal  line  to  right  hand  margin  to  be 
/,  =  950  lbs.  per  sq.  in. 

By  substituting  in  (65)  and  solving  we  get  f^  =  ^6o  lbs,  per  sq.  in. 

Problem  2. — Required  the  stress  in  a  5"  X  %"  eye-bar,  30'  o"  long, 
which  has  a  direct  tension  of  60,000  lbs.,  and  is  inclined  so  that  it 
makes  an  angle  of  45°  with  a  vertical  line. 
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Fig.  107.    DtAGRAU  for  Finding  Stress  in  Bars  Due  to  Their  Own  Weight. 
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In  this  case,  h  =  5'\  L  =  3o'  o",  /2  =  i6,cxx)  lbs.,  and  ^=45°. 
From  the  diagram,  Fig.  107,  as  in  Problem  i,  3;,  =  1.8  tens  of  thou- 
sandths, and  ji  =  6.5  tens  of  thousandths,  and 

/i  =  i/C^i  +  3'2)  X  sin  e  =  1,200  X  sin  $ 
=  850  lbs.  per  sq.  in. 

Relations  Between  h,  /i,  /j  and  L, — For  any  values  of  f^  and  L,  f^ 
will  be  a  maximum  for  that  value  of  h  which  will  make  3^1  +  3^2  ^ 
minimum.  This  value  of  A  will  now  be  determined.  Differentiating 
equation  (65)  with  reference  to  /^  and  h,  we  have  after  solving  for  h 
after  placing  the  first  derivative  equal  to  zero 

/t  =  /V/T/4,8oo  (67) 

in  which  h  is  the  depth  of  bar  which  will  have  a  maximum  fiber  stress 
for  any  given  values  of  /  and  /j. 

Now  if  we  substitute  the  value  of  h  in  (67)  back  in  equation  (65), 
we  find  that  /i  will  be  a  maximum  when  y\  =  y^. 

Now  in  the  diagram  the  values  of  y\  and  ^'2  for  any  given  values 
of  /a  and  L  will  be  equal  for  the  depth  of  bar,  h,  corresponding  to  the 
intersection  of  the  /g  and  L  lines. 

It  is  therefore  seen  that  every  intersection  of  the  inclined  /^  and  L 
lines  in  the  diagram,  has  for  an  abscissa  a  value  h,  which  will  have  a 
maximum  fiber  stress  f^,  for  the  given  values  of  /^  and  L. 

For  example,  for  L  =  30  feet  and  /2=  12,000  lbs.,  we  find  A  =  8.3 
inches  and  /i  =  1,700  lbs.  For  the  given  length  L  and  direct  fiber 
stress  fz,  a  bar  deeper  or  shallower  than  8.3  inches  will  give  a  smaller 
value  of  /x  than  1,700  lbs. 

STRESSES  IN  AN  ECCENTRIC  RIVETED  CONNEC- 
TION.— In  Fig.  108  the  riveted  connection  carries  a  stress  of  F=  10,000 
lbs.  The  four  rivets  transmit  a  direct  shear  of  10,000  lbs.  or  2,500  lbs. 
each,  and  a  bending  moment  of  10,000  X  4i  =  45 lOOO  in.-lbs.  The 
shear  that  resists  moment  in  each  rivet  acts  with  an  arm  of  2.8  ins.  If 
R  is  the  shear  in  each  rivet  due  to  moment,  4R  X  2.8  =  45,000  in.-lbs., 
and/?  =  4,018  lbs. 


DEFLECTION  OF  TRUSSES. 


133 


The  total  shear  on  rivet  2,  is  4,018  —  2,500=1,518  lbs.;  on  rivet 
3,  is  4,018 +  2,500=6,518  lbs.;  and  on  rivets  i  and  4=  V  2,500^ +4,018^ 
=  4,740  lbs. 

If  the  rivets  are  located  at  unequal  distances  from  the  center  of 
gravity  of  the  rivets,  let  a  represent  the  shear  on  a  rivet  at  a  unit's 
distance  from  the  center  of  gravity;  then  the  shear  on  a  rivet  at  a 
distance  d^  from  the  center  of  gravity  will  be  ad^,  and  the  resisting 
moment  will  be  adj^.  The  shear  on  a  rivet  at  a  distance  dg  from  the 
center  of  gravity  will  be  adj*  ^^^  the  resisting  moment  will  be  ad^^. 
The  total  resisting  moment  of  the  connection  will  then  be  Sad*  =  M. 


Fig.  108. 

For  the  calculation  of  the  stresses  in  the  rivets  of  a  standard  riveted 
connection  see  the  author's  "  Steel  Mill  Buildings,"  Chapter  XV. 

DEFLECTION  OF  TRUSSES.— When  the  members  of  a  truss 
are  stressed,  the  lengths  of  the  members  in  compression  are  decreased 
in  length,  while  the  members  in  tension  are  increased  in  length.  These 
changes  in  the  lengths  of  the  members  cause  the  upper  and  lower  chord 
panel  points  to  deflect,  while  the  positions  of  all  other  points  are 
changed.  If  the  left  end  of  a  bridge  truss  is  fixed  the  right  end  will 
move  if  it  is  resting  on  free  rollers.  To  calculate  the  movement  of  the 
right  end  of  the  truss  proceed  as  follows : 

In  Fig.  109  the  truss  is  fixed  at  Lq,  and  is  free  to  move  at  L^,  and 
is  loaded  with  a  load  W.  Under  the  action  of  the  load,  L/  will  move 
a  distance  A.  Now  assume  that  all  the  members  are  rigid  with  the 
exception  of  1-3',  which  is  increased  in  length  the  distance  8,  under 
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the  action  of  the  external  load  W,  The  movement  of  the  joint  L^ 
will  be  A',  and  will  be  due  to  the  change  in  length  8,  of  the  member 
1-3^.  Let  H  be  the  horizontal  reaction  necessary  to  bring  Lq'  back 
to  its  original  position,  and  let  U-H  be  the  stress  in  the  member  1-3^ 


Fig.  109. 

due  to  the  horizontal  thrust  H.  Now  the  internal  work  \h'H'U  in 
shortening  the  member  1-3^  to  its  original  length  will  be  equal  to  the 
external  work  ^//'A',  required  to  bring  the  hinge  L^'  back  to  its  original 
position,  and 

and 

A'  =  8C/  (68) 

but  h  =  P'L/E,  where  P  is  the  unit  stress  in  the  member  1-3;  due  to 
the  load  W ;  L  is  the  length  of  the  member  1-3?  in  the  same  units  as 
A' ;  and  E  is  the  modulus  of  elasticity  of  the  material  of  the  member  in 
lbs.  per  sq.  in.     Substituting  this  value  of  h  in  (68)  we  have 

£i'  =  P'U-L/E  (69) 

where  U  is  the  stress  in  the  member  due  to  a  load  unity  at  L^'  acting 
in  the  line  in  which  A'  is  measured. 

Now  if  each  one  of  the  remaining  members  of  the  truss  is  assumed 
as  distorted  in  turn,  the  other  members  meanwhile  remaining  rigid, 
the  distortion  at  L^  will  be  represented  by  the  general  equation  (69), 
and  the  total  deformation.  A,  at  Lq  will  be 

^  =  t{P.U^L/E)  (70) 
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Algebraic  Solution. — It  is  required  to  calculate  the  deflection  of 
the  panel  point  Lg  in  the  lower  chord  of  the  i6o-ft.  span  Pratt  highway 
truss  in  Fig.  iii,  the  stresses  in  the  members,  the  areas  of  the  members, 
and  the  lengths  of  the  members  being  given  in  Table  XI.  The  stresses 
in  column  4  in  Table  XI  are  calculated  for  a  full  dead  load  and  live 
load  on  the  truss.  In  column  5  values  of  unit  stress,  P,  are  given,  in 
column  6  values  of  P-L/E  are  given  for  £  =  30,000,000  lbs.  per  sq.  in. 
The  values  of  U  in  column  8  were  calculated  by  placing  a  load  of  i 
lb.  at  Lj.  The  values  of  PU-L/E  are  given  in  column  9,  and 
:i{P'U'L/E)  is  1.05  ins  To  calculate  the  deflection  at  any  other 
point,  new  values  of  U  must  be  calculated  for  a  force  of  i  lb.  acting 
at  the  point  at  which  the  deflection  is  to  be  calculated,  and  acting  in 
the  direction  that  the  deflection  is  to  be  measured. 

Graphic  Solution. — The  principle  upon  which  the  construction  of 
the  deformation  diagram  is  based  is  as  follows :  Take  the  two  members 


Fig.  1 10. 

a-c  and  b-c  in  (a)  Fig.  no  meeting  at  the  point  r.  Assume  that  a-c 
is  shortened  to  a-Cg  and  &-C  is  lengthened  to  h-c^  as  shown,  it  is  required 
to  calculate  the  new  position,  c',  of  the  point  c.  With  center  at  a  and 
radius  a-c^  describe  arc  c'-c^ ;  the  point  c'  comes  at  some  point  on  this 
line.  With  center  b  and  radius  b-c^  describe  arc  c'-c^  cutting  arc  c -c^ 
at  c',  which  is  the  point  desired.  Since  the  deformations  are  always 
small  as  compared  with  the  lengths  of  the  members,  the  arcs  may  be 
replaced  by  perpendiculars  as  shown  in  (b)  Fig.  no,  and  the  members 
themselves  need  not  be  drawn. 
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To  draw  the  deformation  diagram  for  the  truss  in  Fig.  iii,  proceed 
as  follows:  First  calculate  Table  XI  as  for  the  algebraic  method, 
column  7  giving  the  order  in  which  the  members  will  be  used  in  the 
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deformation  diagram.  Now  begin  with  the  member  marked  i,  and  lay 
oflF  in  Fig.  112  the  deformation  of  the  two  members  marked  i  =  +  2 
X  0.078= +  0.156  ins.  parallel  to  the  member  V^^V^  to  the  pre- 
scribed scale,  and  mark  the  left  end  JJ^  and  the  right  end  U^,  Now 
lay  off  the  deformation  2= — 0.08  ins.  from  U^  and  toward  the  joint 
JJ^y  and  parallel  to  member  2;  and  lay  off  deformation  3  =  —  0.08  ins. 
from  C/g'  and  toward  the  joint  f/g'*  and  parallel  to  member  3.  Perpen- 
diculars erected  at  the  ends  of  deformations  2  and  3  will  meet  in  the 
new  position  of  L,.  The  vertical  distance  between  U^  and  L,  in  the 
diagram  will  be  the  difference  in  deflection  of  the  points  t/g  and  L3. 
At  C7,  in  the  diagram  lay  off  deformation  4  =  +  0.02  ins.  away  from 
the  joint  U^,  and  parallel  to  member  4,  and  at  Lg  lay  off  deformation 
5  =  —  0.121  ins.  toward  the  joint  L3  and  parallel  to  member  5.  Then 
perpendiculars  erected  at  the  ends  of  deformations  4  and  5  will  meet 
in  the  new  position  of  Lg.  In  like  manner  perpendiculars  erected  at 
the  ends  of  deformations  6  and  7  give  the  new  position  of  point  U^  in 
the  diagram,  and  finally  perpendiculars  erected  at  the  ends  of  defor- 
mations 9  and  2X8  will  give  the  new  position  of  the  point  L^.  The 
deformation  diagram  for  the  right  half  of  the  truss  is  constructed  in 
the  same  manner.  The  increase  in  the  length  of  the  span  is  0.686  ins., 
while  the  deflection  of  point  L3  below  the  abutments  is  1.05  ins.,  as 
was  calculated  algebraically. 


TABLE  XI. 
Algebraic  Calculation  of  Deformations. 


Mbm- 

Area  in 

Length 

Stress 

Unit 

PL 

No. 

u 

PUL 

BBK. 

Sq.  In. 

L  IN  In. 

IN  Lbs. 

Strrss 
P  IN  Lbs. 

E 

Mbm. 

E 

^-3 

8.70 

240 

75,600 

-f    8,700 

+  0.070 

7 

+  0.96 

4-0.067 

^-5 

8.70 

240 

85,100 

+    9»8oo 

4-  0.078 

I 

+  1.44 

-}-O.II2 

y-i 

344 

240 

47»3«> 

—  i3»8oo 

—  O.IIO 

8 

—  0.48 

+  0.053 

K-2 

3.44 
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47»3oo 
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—  O.IIO 

8 

—  0.48 
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K-4 
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—  O.I2I 

5 

—  0.96 

+  0.II6 

jr-i 

10.70 
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68,650 

-h    6,400 

+  0.074 

9 

+  0.69 

+  0.051 

1-2 
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252 

19,900 

—    1,400 

—  0.012 

0.0 

0.0 

2-3 

3.13 
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31,200 

—    1,000 

—  0.012 

6 

—  0.69 

-f  0.008 

3-4 

3.90 

252 

9»45o 

+    2,400 

-f-  0.020 

4 

-f  0.50 

-|-  O.OIO 

4-5 

2.00 
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13.700 

—    6,900 

—  0.080 

2 

—  0.69 

+  0.055 

5-5' 

3.90 
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0 

0 

0.0 

0.0 

0.0 

Total  deformation  =  -j-  0.525  X  2  =  1.050  ins. 
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The  graphic  method  gives  the  relative  positions  of  all  points  in  the 
truss,  while  the  algebraic  method  gives  the  deflection  of  one  point,  only. 

For  the  deformation  diagrams  of  trusses  unsymmetrically  loaded, 
and  for  the  methods  of  calculating  the  stresses  in  two-hinged  arches 
see  the  author's  "  Steel  Mill  Buildings,"  Chapter  XIV. 

STRESSES  IN  ROLLERS.— When  a  cylindrical  roller  is  pressed 
between  two  plates  the  roller  is  deformed  so  that  the  linear  element 
of  the  roller  in  contact  is  spread  out  as  the  pressure  increases.  It  has 
been  found  by  experiment  that  the  plates  are  but  little  deformed  in 
comparison  with  the  deformation  of  the  rollers  for  stresses  within  the 
elastic  limit,  so  that  the  entire  deformation  may  be  considered  as  occur- 
ring in  the  rollers.  (For  a  more  complete  discussion  see  Merriman's 
"  Mechanics  of  Materials.") 

In  (b)  Fig.  113  the  vertical  diameter  A-A  is  shortened  to  B-B, 
and  the  shortening  in  a  half  diameter  is  A-B  =  e;  also  let  y  be  the 
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Fig.  113. 

shortening  in  any  half  chord.  Now  if  the  stress  at  B  is  5,  and  at  the 
point  whose  coordinates  are  x,  y  is  S\  then  if  the  elastic  limit  of  the 
material  is  not  exceeded 

S/S'  =  e/y,  or  S'  =  S'y/e 

Now  e/2d  is  the  unit  shortening  in  the  vertical  diameter,  and  this  is 
equal  to  S/E,  and 

S/E  =  e/2d  (71) 

Now  the  stress  S'  acts  over  the  entire  area  hdx,  and 

fS''ldx  =  W  (72) 
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where  IV  is  the  total  stress  on  the  rollers.  Equations  (71)  and  (72) 
are  the  equations  for  finding  S  and  e.  Substituting  S'  =  S-y/e  in  (72) 
we  have 

S'l  fydx=W'e  (73) 

NowJ  3r-d;r=the  area  .of  the  segment  compressed,  which  may  be 

considered  a  parabola  =  J  chord  1-2- e.  Now  chord  1-2=  (^d)*, 
approximately,  and  (73)  becomes 

S'lie'd)^  =  W'e  (74) 

Solving  equations  (71)  and  (74),  we  have 

W  =  il'd'S(2S/E)i  (75) 

or 

w  =  id'S(2S/E)^  (76) 

where  w  is  the  load  per  lineal  inch  of  roller,  if  d  is  given  in  inches. 

Now  taking  5*=  15,000  lbs.  per  sq.  in.,  and  £  =  30,000,000  lbs.  per 
sq.  in.,  equation  (76)  becomes 

w  =  2isd  (77) 

CAMBER. — Bridges  are  constructed  so  that  when  loaded  the 
trusses  will  take  the  form  assumed  in  the  calculations.  This  may  be 
done  in  two  ways:  (i)  by  increasing  the  lengths  of  all  compression 
members  and  decreasing  the  lengths  of  all  tension  members  the  amounts 
calculated  as  in  column  6  in  Table  XI — this  method  requires  laborious 
calculations  and  increases  the  labor  in  making  and  checking  the  draw- 
ings; (2)  the  most  common  method  is  to  increase  the  lengths  of  the 
top  chords  i  in.  in  10  ft.  for  railway  bridges  and  ^  in.  in  10  ft.  for 
highway  bridges  over  the  lengths  of  the  lower  chords.  This  method 
is  very  easy  to  apply  and  satisfies  theoretical  requirements  quite  closely. 

Let  c  =  camber  in  inches  at  the  center  of  the  span; 

a  =  total  increase  in  the  length  of  the  top  chord  required  to 
produce  the  camber,  in  inches ; 
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h  =  the  height  of  the  truss  in  feet ; 
/  =  the  length  of  span  in  feet; 
then 

c=a'l/8h,  and  a^8c'h/l  (78) 

Now  in  the  160- ft.  span  in  Fig.  iii,  c=i.05  ins.,  /=i6o'  o",  and 
h  =  2i'  o".     Then 

0  =  8  X  I'OS  X  21/160=  1. 12  inches. 

Now  this  increase  will  be  put  in  4  panels,  giving  0.28  ins.  in  each 
panel,  or  0.14  ins.  in  10  ft.  This  is  slightly  less  than  ^  in.  for  each 
10  ft.  as  commonly  specified  for  highway  bridges. 


CHAPTER  IX. 

The  Solutions  of  Problems  in  the  Calculation  of  Stresses  in 

Bridge  Trusses. 

Introduction. — To  obtain  a  thorough  knowledge  of  the  calculation 
of  stresses  in  trusses  it  is  necessary  to  solve  numerous  problems.  The 
problems  in  this  chapter  have  been  selected  with  care  and  have  shown 
their  value  by  actual  use  in  the  class-room.  A  problem  is  first  solved 
and  the  solution  is  followed  through  in  detail.  A  second  problem  of 
a  similar  character  is  then  stated  and  left  for  the  student  to  solve. 
These  problems  should  be  solved  in  connection  with  the  study  of  the 
preceding  chapters. 

Instructions. — (i)  Plate:  The  standard  plate  is  to  be  9"  X  loj", 
with  a  i"  border  on  the  left-hand  side  and  a  i"  border  on  the  top,  bot- 
tom and  right-hand  side  of  the  plate.  The  plate  inside  the  border  is  to  be 
?¥'  X  9i"-  (2)  Coordinates:  Unless  stated  to  the  contrary,  the  coor- 
dinates given  in  the  data  will  refer  to  the  lower  left-hand  cornenof 
the  plate  as  the  origin  of  coordinates.  (3)  Data:  Complete  data  shall 
be  placed  on  each  problem  so  that  the  solution  will  be  self-explanatory. 
The  span,  panel  length,  depth,  roadway  and  other  dimensions  shall  be 
shown  on  the  truss  diagram  and  shall  be  stated  in  a  prominent  place. 
The  loads  shall  be  stated,  and  the  values  of  all  trigonometric  functions 
shall  be  given  to  three  decimal  places.  (4)  Lettering :  All  lettering  shall 
be  in  Engineering  News  style.  The  main  headings  shall  be  made  with 
capitals  0.2"  high,  and  lower  case  letters  §  of  this  height.  Capitals  in 
the  body  of  the  problem  are  to  be  0.15"  in  height,  and  the  lower  case 
letters  are  to  be  §  of  this  height.     (5)  Scales:  The  scale  of  the  forces 

and  of  the  trusses  shall  be  given  as  i"  =  ( )  lbs.,  or  ft. ;  and  by 

a  graphic  scale  as  well.  (6)  Name:  The  name  of  the  student  is  to  be 
placed  outside  the  border  in  the  lower  right-hand  comer.  (7)  Equa- 
tions: All  equations  shall  be  given,  but  details  of  the  solution  may  be 
indicated.  (8)  References:  References  are  to  "  The  Design  of  High- 
way Bridges." 

Note. — It  should  be  noted  that  all  the  problems  have  been  reduced 
so  that  all  dimensions  are  one-half  the  original  dimensions  given  in  the 
statements  of  the  problems. 
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Problem  i.    Dead  Load  Stresses  in  a  Warren  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  120'  o",  panel  length 
20'  o",  depth  20'  o",  dead  load  700  lbs.  per  ft.  per  truss.  Calculate  the 
dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"=i6'  o". 
Scale  of  loads,  i"  =  12,000  lbs. 

(&)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  bottom  upwards.  The  calculation  of  the  stresses 
is  started  at  the  left  reaction,  and  the  stress  diagram  is  closed  at  the 
right  reaction.  For  additional  information  on  the  solution  see  Chap- 
ter V. 

(c)  Results. — The  top  chord  is  in  compression,  the  bottom  chord 
is  in  tension;  all  web  members  leaning  toward  the  center  of  the  truss 
are  in  compression,  while  the  web  members  leaning  toward  the  abut- 
ments are  in  tension.  All  web  members  meeting  on  the  unloaded  chord 
(top  chord)  have  stresses  equal  in  amount  but  opposite  in  sign.  The 
stresses  in  the  lower  chord  are  the  arithmetical  means  of  the  stresses 
in  adjacent  panels  of  the  top  chord.  Warren  trusses  are  commonly 
made  of  iron  or  steel  with  riveted  connections,  the  most  common  sec- 
tion being  two  angles  placed  back  to  back. 


Problem  ia.    Dead  Load  Stresses  in  a  Warren  Truss  by  Graphic 

Resolution. 

(a)  Problem, — Given  a  Warren  truss,  span  140'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  600  lbs.  per  ft.  per  truss.  Calculate  the 
dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  =  2o'  o". 
Scale  of  loads,  i"  =  12,000  lbs. 
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Problem  2.    Dead  Load  Stresses  in  a  Pratt  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss.  Calcu- 
late the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss, 
i'  =  2o'  o".    Scale  of  loads,  i"=  16,000  lbs. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  bottom  upwards.  Calculate  the  stresses  by  graphic 
resolution,  beginning  at  R^  and  checking  up  at  R^,  following  the  order 
shown  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom 
chord  is  in  tension  as  in  the  Warren  truss.  The  inclined  members  are 
m  tension,  while  the  vertical  members  are  in  compression.  Member  1-2 
is  simply  a  hanger.  There  is  no  stress  due  to  dead  loads  in  the  diagonal 
members  in  the  middle  panel  of  a  Pratt  truss  with  an  odd  number  of 
panels.  The  stresses  in  the  posts  are  equal  to  the  inclined  components 
of  the  stresses  in  the  inclined  members,  meeting  them  on  the  unloaded 
chord  (top  chord).  Stresses  in  certain  panels  in  the  top  and  bottom 
chord  are  equal.  The  Pratt  truss  is  quite  generally  used  for  steel 
bridges  and  is  also  used  for  combination  bridges,  where  the  tension 
members  are  made  of  iron  or  steel  and  the  compression  members  are 
made  of  timber. 


Problem  2a.    Dead  Load  Stresses  in  a  Pratt  Truss  by  Graphic 

Resolution. 

(o)  Problem. — Given  a  Pratt  truss,  span  160'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss.  Calcu- 
late the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss, 
i"  =  25'  o".     Scale  of  loads,  i"  =  20,000  lbs. 
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Problem  3.    Dead  Load  Stresses  in  a  Howe  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  160'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  600  lbs.  per  lineal  foot  per  truss.  Calcu- 
late the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss, 
l"  =  25'  o".    Scale  of  loads,  i"=  15,000  lbs. 

(&)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  bottom  upwards.  Calculate  the  stresses  by 
graphic  resolution,  beginning  at  R^  and  checking  at  R^,  following  the 
order  shown  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom 
chord  is  in  tension  as  in  the  Warren  truss.  All  inclined  members 
are  in  compression,  while  all  vertical  members  are  in  tension.  The 
stresses  in  the  verticals  are  equal  to  the  vertical  components  of  the 
stresses  in  the  diagonal  members  meeting  them  on  the  unloaded  chord. 
Stresses  in  certain  panels  in  the  top  and  bottom  chord  are  equal. 

The  Howe  truss  when  used  for  highway  or  railroad  bridges  is  com- 
monly built  with  timber  top  and  bottom  chords  and  timber  diagonal 
struts,  the  only  iron  being  the  vertical  ties  and  the  cast  iron  angle 
blocks  to  take  the  bearing  of  the  timber  struts.  This  makes  a  very 
satisfactory  truss  and  is  quite  economical  where  timber  is  cheap. 


Problem  3A.    Dead  Load  Stresses  in  a  Howe  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  162'  o",  panel  length 
18'  o",  depth  24'  o",  dead  load  600  lbs.  per  lineal  foot  per  truss.  Calcu- 
late the  dead  load  stresses  by  graphic  resolution,  Scale  of  truss, 
l"  =  25'  o".    Scale  of  loads,  i"=  15,000  lbs. 
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Problem  4.    Dead  Load   Stresses  in  a   Camel-back  Truss  by 

Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span 
160'  o",  panel  length  20'  o",  depth  at  the  hip  25'  o",  depth  at  the  center 
32'  o",  dead  load  400  lbs.  per  lineal  foot  per  truss.  Calculate  the  dead 
load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  =  25'  o".  Scale 
of  loads,  i"=  10,000  lbs, 

(fe)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  bottom  upwards.  Calculate  the  stresses  by  graphic 
resolution,  beginning  at  R^  and  checking  up  at  i?,-  Follow  the  order 
given  in  the  stress  diagram. 

(c)  Results. — The  top  chord  is  in  compression  and  the  bottom 
chord  is  in  tension  the  same  as  in  the  Pratt  truss.  All  inclined  web 
members  are  in  tension ;  while  part  of  the  posts  are  in  compression  and 
part  are  in  tension.  Member  1-2  is  simply  a  hanger  and  is  always  in 
tension.  This  type  of  truss  is  quite  generally  used  for  steel  and  com- 
bination bridges  for  spans  from  150  to  200  feet,  and  also  for  long 
span  roof  trusses.  In  the  roof  truss,  the  loads  are  on  both  the  top  and 
bottom  chords  or  on  the  top  chord  alone. 


Problem  4A.    Dead  Load  Stresses  in  a  Camel-back  Truss  by 

Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span 
180'  o",  panel  length  20'  o"  (three  panels  with  parallel  chords),  depth 
at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load  400  lbs.  per 
lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  reso- 
lution.   Scale  of  truss,  i"  =  2S'  o".    Scale  of  loads,  i"=  12,000  lbs. 
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Problem   5.      Dead  Load   Stresses   in   a   Baltimore  Truss   by 

Graphic  Resolution. 

(o)  Problem, — Given  a  Baltimore  truss,  span  280'  o",  panel  length 
20'  o",  depth  40'  o",  dead  load  0.5  tons  per  lineal  foot  per  truss.  Cal- 
culate the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss, 
i"  =  4o'  o".     Scale  of  loads,  i"  =  40  tons. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  top  downwards.  Calculate  R^  and  i^g*  Calculate 
the  stresses  at  the  left  reaction  by  constructing  triangle  i-F-X  as 
shown.  Then  calculate  the  stress  in  1-2  by  constructing  polygon 
y-i-2-F.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  cal- 
culate the  stress  in  3-4  and  4-Y  by  constructing  polygon  y-2-3-4-F. 
Calculate  the  stresses  in  the  remaining  members  in  order,  finally  check- 
ing up  at  i?2' 

(c)  Results. — It  will  be  seen  that  the  Baltimore  truss  is  a  Pratt 
truss  with  subdivided  panels.  The  stresses  in  the  first  and  second 
panels  of  the  lower  chord  are  larger  than  the  stresses  in  the  third  and 
fourth  panels  of  the  lower  chord.  The  stress  in  6-7  is  equal  to  the 
inclined  component  of  the  shear  in  the  panel,  plus  the  stress  due  to  the 
half  load  that  is  carried  toward  the  center  of  the  bridge  by  5-7.  The 
Baltimore  truss  is  used  for  long  spans  in  which  short  panels  can  be 
used  with  an  economical  depth. 


Problem   5A.     Dead  Load  Stresses  in  a  Baltimore  Truss  by 

Graphic  Resolution. 

(a)  Problem. — Given  a  Baltimore  truss,  span  320'  o",  panel  length 
20'  o",  depth  50'  o",  dead  load  0.5  tons  per  lineal  foot  per  truss.  Cal- 
culate the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss, 
i"  =  50'  o".     Scale  of  loads,  i"  =  50  tons. 
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Problem  6.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25' 
o",  depth  at  hip  50'  o",  depth  at  center  58'  o",  dead  load  0.9  tons  per 
Hneal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  reso- 
lution.    Scale  of  truss,  i"  =  50'  o".     Scale  of  loads,  i"  =  45  tons. 

(fe)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  top  downwards.  Calculate  R^  and  R^.  Calcu- 
late the  stresses  in  the  members  at  the  left  reaction  by  constructing 
force  triangle  i-F-X.  Then  calculate  the  stress  in  1-2  by  construct- 
ing polygon  F-1-2-F.  Draw  3-2,  which  is  the  stress  in  member  3-2. 
Then  pass  to  joint  W^  where  there  appears  to  be  an  ambiguity,  stress 
4-5  being  unknown.  To  remove  the  ambiguity  proceed  as  follows :  At 
W^  on  the  left  side  of  the  stress  diagram  assume  that  W^  is  the  stress 
in  5-6  (the  member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed). 
Calculate  the  stress  in  4-5  by  completing  the  triangle  of  stresses  in  the 
auxiliary  members.  The  stresses  are  now  all  known  at  IV^  except  3-4 
and  5-F,  but  the  stress  in  4-5  is  between  the  two  unknown  stresses. 
First  complete  the  force  polygon  2-3-4-5'- F-F-2.  Then  by  chang- 
ing the  order  the  true  polygon  2-3-4-5-7-7-2  may  be  drawn.  This 
solution  is  sometimes  called  the  method  of  sliding  in  a  member.  The 
apparent  ambiguity  at  joint  W^  may  be  removed  in  the  same  manner. 
The  stress  diagram  is  carried  through  as  shown  and  finally  checked  up 
at  i?2.  It  will  be  seen  that  there  is  no  apparent  ambiguity  on  the  right 
side  of  the  truss. 

(c)  Results. — It  will  be  seen  that  the  Petit  truss  is  an  inclined 
Pratt  or  Camel-back  truss  with  subdivided  panels.  The  auxiliary 
members  are  commonly  tension  members  in  all  except  the  end  primary 
panels  as  in  the  Baltimore  truss  in  Problem  5.  It  will  be  seen  that 
the  stresses  in  the  first  four  panels  of  the  lower  chord  are  the  same. 
The  loads  in  this  type  of  Petit  truss  are  carried  directly  to  the  abut- 
ments. The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 
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being  arranged  as  in  the  Baltimore  truss  in  Problem  5. 
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Problem  7.    Dead  Load  Stresses  in  a  Quadrangular  Warren 

Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  quadrangular  Warren  truss,  span  120'  o", 
panel  length  15'  o",  depth  18'  o",  dead  load  400  lbs.  per  lineal  foot  per 
truss.  Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale 
of  truss  and  loads  as  shown. 

(&)  Methods. — The  loads  beginning  with  the  first  load  on  the  left 
are  laid  off  from  the  bottom  upwards.  Calculate  R^  and  R^.  The 
stresses  at  R^  may  be  calculated  by  constructing  force  polygon  i-X-Y. 
However,  on  passing  to  the  next  joint  in  either  the  top  or  bottom  chord 
the  solution  is  indeterminate.  To  solve  the  problem  calculate  the  stress 
in  the  top  chord  g-X  by  taking  moments  about  the  center  joint  in  the 
bottom  chord,  the  stress  in  9-1 1  being  zero.  Lay  off  g-X  in  the  stress 
diagram  and  complete  the  diagram  to  the  left  and  the  right  of  the 
center  as  shown.  It  will  be  seen  that  the  stresses  in  certain  members 
occur  twice  in  the  diagram.  The  truss  diagram  can  be  divided  into 
two  systems  as  in  Problem  14,  and  the  stresses  can  be  calculated  for 
each  system,  the  chord  stresses  in  the  two  systems  being  added  together 
for  the  final  stresses.  However,  the  stresses  as  calculated  in  this  prob- 
lem are  the  correct  ones. 

(c)  Results. — The  quadrangular  Warren  truss  is  a  double  inter- 
section truss  in  which  the  stresses  are  statically  determinate  for  dead 
loads  but  are  statically  indeterminate  for  live  load  web  stresses,  as  will 
be  shown  in  Problem  14.  This  truss,  built  with  riveted  connections, 
is  extensively  used  by  the  American  Bridge  Company  for  highway 
bridges  for  spans  from  80  to  152  feet. 
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Problem  7a.    Dead  Load  Stresses  in  a  Quadrangular  Warren 

Truss  by  Graphic  Resolution. 

(o)  Problem. — Given  a  quadrangular  Warren  truss,  span  150'  o", 
panel  length  15'  o",  depth  18'  o",  dead  load  500  lbs.  per  lineal  foot  per 
truss.  Calculate  the  dead  and  live  load  stresses  by  graphic  resolution. 
Scale  of  truss,  i"  =  2o'  o".    Scale  of  loads,  i"=  10,000  lbs. 
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Problem  8.    Dead  Load  Stresses  in  a  Warren  Truss  by  Algebraic 

Resolution  (Method  of  Coefficients). 

(a)  Problem. — Given  a  Warren  truss,  span  140'  o",  panel  length 
20'  o",  depth  20'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss.  Cal- 
culate the  dead  load  stresses  by  algebraic  resolution.  Scale  of  truss, 
I"  =  20'  o". 

(&)  Methods. — Beginning  at  the  left  the  left  reaction  R^  =  ^IV. 
The  shear  in  the  first  panel  is  ^W,  in  the  second  panel  is  2IV,  in  the 
third  panel  is  W,  and  in  the  fourth  panel  is  zero.  Now  resolving  at 
/?!  the  stress  in  i-7  =  —  3W^-tan^,  stress  i-X  =  -\- ;ilV-sec6.  Cut 
members  i-F,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane  and 
equate  the  horizontal  components  of  the  stresses  in  the  members.  The 
unknown  stress  2-X  will  equal  the  sum  of  the  horizontal  components 
of  the  stresses  in  i-Y  and  1-2  with  sign  changed,  =  — (-3-3)W^-tand 
='{-6W't2inO.  The  stress  in  3-7  =—(6  +  2)H^tan^=—8frtan^. 
Stress  in  4-X  =  — ( — 8  —  2)lV'taLnO=+  ioW't2inO;  stress  in  5-F 
=  — (-\-io-\-  i)W't2inO=-\-iilV't2in6;  and  the  stress  in  6-X  =  — 
( — II  —  i)lV'tB.n6=-\-  i2W-t2inO.  The  coefficients  of  the  chord 
stresses  when  multiplied  by  W-tan  $  give  the  stresses,  while  the  coeffi- 
cients for  the  webs  when  multiplied  by  W^-sec^  give  the  web  stresses. 

(c)  Results. — In  the  method  of  coefficients  the  shears  are  calcu- 
lated first,  and  the  chord  coefficients  follow  easily  by  summing  the 
horizontal  components.  This  method  is  the  shortest  and  the  best  for 
the  calculation  of  the  stresses  in  bridge  trusses  with  parallel  chords. 


Problem  8a.    Dead  Load  Stresses  in  a  Warren  Truss  by  Alge- 
braic Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  700  lbs.  per  lineal  foot  per  truss.  Cal- 
culate the  dead  load  stresses  by  algebraic  resolution.  Scale  of  truss, 
i"  =  25'o". 
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Problem  9.    Live  Load  Stresses  in  a  Warren  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  140'  o",  panel  length 
20'  o",  depth  20'  o",  live  load  1,200  lbs.  per  lineal  foot  per  truss.  Cal- 
culate the  maximum  and  minimum  stresses  due  to  the  live  load  by 
algebraic  resolution.     Scale  of  truss,  i"  =  2o'  o". 

(b)  Methods. — Construct  two  truss  diagrams  as  shown.  On  the 
first  place  the  live  load  coefficients,  and  on  the  second  place  the  maxi- 
mum and  minimum  live  load  stresses. 

Chord  Stresses, — The  maximum  chord  stresses  occur  when  the 
joints  are  all  loaded,  and  the  chord  coefficients  are  found  as  in  Problem 
8.  The  minimum  live  load  stresses  in  the  chords  occur  when  none  of 
the  joints  are  loaded,  and  are  zero  for  each  member. 

Web  Stresses, — The  maximum  web  stresses  in  any  panel  occur 
when  the  longer  segment  into  which  the  panel  divides  the  truss  is 
loaded,  while  the  shorter  segment  has  no  loads  on  it.  The  minimum 
live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and 
the  longer  segment  has  no  loads  on  it.  The  maximum  stresses  in  mem- 
bers i-X  and  1-2  occur  when  the  truss  is  fully  loaded.  The  shear 
in  the  panel  is  3P,  or  21/yPy  and  the  stress  in  i-X  =  3P-sec  $  =  -\-  40.4 
tons,  while  the  stress  in  1-2  =  —  3Psec^  =  —  40.4  tons.  The  mini- 
mum stresses  in  i-X  and  1-2  are  zero.  The  maximum  stresses  in  2-3 
and  3-4  occur  when  5  loads  are  on  the  right  of  the  panel  and  there  are 
no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be 
equal  to  the  left  reaction,  =  7^1=  (5  X  3  X  P)/7  =  i5/7P.  The 
stress  in  2-3=  i  sZ/F- sec  ^  =  +  ^8.8  tons,  while  the  stress  in  3-4=^  — 
i5/7F-sec^= — 28.8  tons.  The  minimum  stresses  in  2-3  and  3-4 
will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the 
corresponding  panel  on  the  right  of  the  truss,  if  the  shorter  segment 
is  loaded,  the  left  reaction  =  i /7P  =  the  shear  in  the  panel.  The 
minimum  stress  in  2-3= — i/yP'Sec6  =  — 1.92  tons,  while  the  mini- 
mum stress  in  3-4=4-  1.92  tons.  The  stresses  in  the  remaining  panels 
are  calculated  in  the  same  manner. 

(c)  Results. — It  will  be  seen  that  the  web  members  meeting  on  the 
unloaded  chord  (top  chord)  have  their  maximum  and  minimum  stresses 
for  the  same  loading.  It  will  be  seen  that  the  maximum  live  load  web 
stresses  are  of  the  same  kind  as  the  dead  load  web  stresses,  while  the 
minimum  web  stresses  are  of  the  opposite  kind.  It  will  be  seen  that 
the  numerators  of  the  web  coefficients  from  the  right  to  the  left  are 
o,  I,  3,  6,  10,  15,  21. 
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Problem  9a.    Live  Load  Stresses  in  a  Warren  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  i8o'  o",  panel  length 
2o'  o",  depth  24'  o",  Hve  load  1,500  lbs.  per  lineal  foot  per  truss.  Cal- 
culate the  maximum  and  minimum  stresses  due  to  the  live  loads  by 
algebraic  resolution.     Scale  of  truss,  i"  =  25'  o". 
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Problem    io.    Maximum  and  Minimum   Stresses  in  a  Warren 

Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  i6o'  o",  panel  length 
20'  o",  depth  20'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss,  live 
load  1,600  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and 
minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  alge- 
braic resolution.     Scale  of  truss  as  shown. 

(&)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the 
first  truss  diagram  place  the  dead  load  and  the  maximum  live  load 
chord  coefficients,  calculated  as  in  Problems  8  and  9.  The  maximum 
live  load  chord  coefficients  are  the  same  as  the  dead  load  chord  coeffi- 
cients. On  the  second  diagram  place  the  maximum  and  minimum  live 
load  web  coefficients,  calculated  as  in  Problem  9.  The  maximum  live 
load  web  coefficients  are  given  on  the  left  and  the  minimum  live  load 
coefficients  are  given  on  the  right  of  the  diagram.  On  the  third  dia- 
gram place  the  maximum  and  minimum  stresses.  The  maximum  chord 
stresses  are  equal  to  the  sum  of  the  dead  and  live  load  chord  stresses. 
The  minimum  chord  stresses  are  the  dead  load  chord  stresses.  The 
maximum  web  stresses  are  equal  to  the  sum  of  the  dead  and  the  maxi- 
mum live  load  web  stresses.  The  minimum  web  stresses  are  equal  to 
the  algebraic  sum  of  the  dead  load  stresses  and  the  minimum  live  load 
stresses. 

(c)  Results. — The  web  members  7-6  and  7-8  have  a  reversal  of 
stress  from  tension  to  compression,  or  the  reverse.  These  members 
must  be  counterbraced  to  take  both  kinds  of  stress. 

Problem  ioa.    Maximum  and  Minimum  Stresses  in  a  Warren 

Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  180'  o",  panel  length 
20'  o",  depth  24'  o",  dead  load  700  lbs.  per  lineal  foot  per  truss,  live 
load  1,500  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolu- 
tion.    Scale  of  truss,  i"  =  25'  o". 
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Problem  ii.    Maximum  and  Minimum  Stresses  in  a  Pratt  Truss 

BY  Algebraic  Resolution. 

(o)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20' 
o",  depth  24'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss,  live  load 
1,600  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and  mini- 
mum stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale 
of  truss,  i"  =  20'  o". 

(&)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the 
first  place  the  dead  load  coefficients  and  the  dead  load  stresses.  On  the 
second  place  the  live  load  coefficients  and  the  live  load  stresses.  On 
the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads.  The  maximum  chord  stresses  are  the  sums  of  the  dead 
and  live  load  chord  stresses,  while  the  minimum  chord  stresses  are 
those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  stress  of  one  dead  load  and  a  maximum  stress  of 
one  live  and  one  dead  load.  The  conditions  for  maximum  and  mini- 
mum stresses  in  the  webs  are  the  same  as  for  the  Warren  truss,  the 
vertical  posts  having  stresses  equal  to  the  vertical  components  of  the 
stresses  in  the  inclined  web  members  meeting  them  on  the  unloaded 
(top)  chord. 

(c)  Results. — There  is  no  dead  load  shear  in  the  middle  panel,  but 
it  is  seen  that  there  are  stresses  in  the  counters  for  live  loads.  Only 
one  of  the  counters  will  be  in  action  at  one  time.  Whenever  the 
center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that 
counter  will  be  acting  that  extends  downward  toward  the  center  of 
gravity.  The  numerators  of  the  maximum  and  minimum  live  load 
web  coefficients  are  o,  i,  3,  6,  10,  15,  21,  as  for  the  Warren  truss.  This 
shows  that  the  maximum  and  minimum  web  stresses  are  proportional 
to  the  ordinates  to  a  parabola. 
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Problem  iia.  Maximum  and  Minimum  Stresses  in  a  Pratt  Truss 
BY  Algebraic  Resolution. 
(a)  Problem. — Given  a  Pratt  truss,  span  i6o'  o",  panel  length  2& 
o",  depth  26'  o",  dead  load  700  lbs.  per  lineal  foot  per  truss,  live  load 
1,500  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and  mini- 
mum stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale 
of  truss,  i"  =  25'  o". 
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Problem  12.    Maximum  and  Minimum  Stresses  in  a  Howe  Truss 

BY  Algebraic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  loi'  3",  panel  length 
11'  3">  depth  22'  6",  dead  load  700  lbs.  per  lineal  foot  per  truss,  live 
load  1,000  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and 
minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"=  15'  o". 

(&)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the 
first  diagram  place  the  dead  load  coefficients  and  the  dead  load  stresses. 
On  the  second  diagram  place  the  live  load  web  coefficients  and  the 
maximum  and  minimum  live  load  stresses.  On  the  third  diagram  place  * 
the  maximum  and  minimum  stresses  due  to  dead  and  live  loads.  The 
conditions  for  loading  for  the  maximum  and  minimum  stresses  are  the 
same  as  for  a  Pratt  truss  except  that  the  vertical  tie  1-2  carries  the 
shear  in  the  first  panel  and  has  a  maximum  stress  for  a  full  load  on 
the  truss. 

(c)  Results. — The  vertical  members  are  always  in  tension,  while 
the  diagonal  members  are  always  in  compression.  The  web  members 
meeting  on  the  unloaded  chord  (top  chord)  have  maximum  and  mini- 
mum stresses  for  the  same  loading.  The  counters  in  the  center  panel 
carry  live  load  stress  only,  the  counter  acting  downward  away  from 
the  center  of  gravity  of  the  loads  being  stressed.  The  maximum  and 
minimum  web  stresses  are  the  algebraic  sums  of  the  corresponding 
dead  and  live  load  stresses.  The  maximum  chord  stresses  are  the 
sums  of  the  dead  and  live  load  chord  stresses,  while  the  minimum  chord 
stresses  are  the  dead  load  stresses  alone. 
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Problem  i2a.  Maximum  and  Minimum  Stresses  im  a  Howe  Truss 
BY  Algebraic  Resolution. 
(a)  Problem. — Given  a  Howe  truss,  span  120'  0",  panel  length 
12'  o",  depth  24'  o",  dead  load  700  lbs.  per  lineal  foot  per  truss,  live 
load  1,000  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and 
minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  2o'  o". 
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Problem  13.    Maximum  and  Minimum  Stresses  in  a  Deck  Bal- 
timore Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  deck  Baltimore  truss,  span  280'  o",  panel 
length  20'  o",  depth  40'  o",  dead  load  0.375  tons  per  lineal  foot  per 
truss,  live  load  0.625  tons  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
resolution. 

(b)  Methods. — Construct  three  truss  diagrams  and  use  them  as 
shown. 

Dead  Load  Stresses, — The  auxiliary  struts  1-2,  5-6,  9-10,  etc., 
carry  a  full  dead  load  compression,  while  the  auxiliary  web  members 
2-3,  6-7,  lo-ii,  etc.,  have  a  tensile  stress  of  ilV-secS.  The  stress  in 
i-F  equals  the  shear  in  the  panel  multiplied  by  sec^  =  — 6ilV'sec$. 
The  stress  in  3-F  equals  the  shear  in  the  panel  multiplied  by  sec  0, 
plus  the  inclined  component  of  the  one-half  load  that  is  carried  toward 
the  center  by  the  auxiliary  member  2-3,  =  —  (Si -\-  i)lV'Stc$  =  — 
6lV*sQcO.  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in 
3-F=4-6PF.  The  stress  in  4-7  is  the  horizontal  component  of  the 
stress  in  $-¥= — 6W'tB,n6.  The  stress  in  i-X  and  2-X  =  + 
6iW'tanO,  The  stress  in  4-5  is  the  inclined  component  of  the  shear  in 
the  panel  =  — 4iJV-secO,  The  stress  in  5-X  =  —  ( — 6  —  4^)W^-tan^ 
==:-|-  loJPF-tan^.  •  The  remaining  dead  load  stresses  are  calculated  in 
a  similar  manner. 

Live  Load  Web  Stresses. — The  maximum  shears  in  the  different 
panels  occur  when  the  longer  segment  of  the  truss  is  loaded,  while  the 
minimum  shears  occur  when  the  shorter  segment  of  the  truss  is  loaded. 
The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur 
for  a  full  live  load  on  the  bridge.  The  maximum  shear  in  the  third 
panel  occurs  with  all  loads  to  the  right  of  the  panel  and  no  loads  to 
the  left.  The  shear  in  the  panel  will  then  be  equal  to  the  left  reaction 
=  11  X  i(ii  +  i)P/i4  =  66/i4P.  The  maximum  live  load  stress  in 
4-5  will  be = — 66/14?- sec  6.  With  a  maximum  stress  in  4-5  the  stress 
in  4-7  will  be=(— 66/14 +  7/i4)P-sec^  =  — 59/i4F-sec^.  This 
is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a  maximum 
shear  in  the  panel  is  =10  X  11/2  X  i/i4P*sec^  =  —  55/i4P-sec^. 
In  a  similar  manner  it  will  be  found  that  maximum  stresses  in  members 
8-9  and  8-1 1  occur  with  a  maximum  shear  in  8-9.  On  the  right  side 
it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a  mini- 
mum shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — The  dead  and  live  loads  were  assumed  as  applied  on 
the  upper  chord.  The  upper  chords  are  in  compression,  while  the 
lower  chords  are  in  tension  the  same  as  for  a  through  truss.  The  live 
and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower 
truss  as  required  by  Cooper's  Specfications. 


DECK  BALTIMORE  TRUSS,  ALGEBRAIC  RESOLUTION, 


167 


I     &r\dqe  Analy5T5.  OecV.  BaHimore  Truaa.  Problem   13. 

Mox.and  riin.^.treaaes.Algebroic  Resolution. 


wmac 
I 


-e  -10  -I* 

.•J*.  Coef.for  Deod  Loaci,cindi  Live  Load  for  Chordo. 


Maximum  Web  Coeff  icten-te.  Minimum  Web  Coefficients. 

a'fr4e:ii  Dt4e.7S  t^njs  txtwis  0459.75  afSftTS  o^njs  -^esaoo-vcsojoo  -vtsaoo-feiaoo  4«iaoo  4naoo  -^isoog 

^Lfl9LeSJ..-fl562SUt 


.4«l.e5  'L.^ftLe5  L.-I>IWX 


^8 


>8 


L.-7S00 


45S.7S^t«L7S^-l-53.75^t7gJ5  ^»7e.75  ^•»A6.75^i4eJ5 


/vl^-2oaoo 
^/^  -75.00 


kN%P^»«OtOO 
'       -A5.00 


Live  and  Dead  Lood  6f  Ireeeee.  -g'iooo    ^a>^-Qrid  Min.%5treesee. 

^pan,L,»eeo*-oV  eec  8*t>M^  -  »o.'oo    Dead  Lood •.»7S Tons  per  lin.fi p.fr. 

Panel,\,«  to -o*.*  fan  6  •».oo.  Live  Load*. eesT per  lin.flper  truee. 

Dep+h,d,»4-o*-o'.*  ,Strceees  In  Tone. 


Problem  13A.  Maximum  and  Minimum  Stresses  in  a  Deck  Bal- 
timore Truss  by  Algebraic  Resolution. 
(a)  Problem. — Given  a  deck  Baltimore  truss,  span  320'  o",  panel 
length  20'  o",  depth  50'  o",  dead  load  0.3  tons  per  lineal  foot  per  truss, 
live  load  0.5  tons  per  lineal  foot  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolu- 
tion.    Scale  of  truss,  i"  =  4o'  o". 


/ 


168  solutions  of  problems. 

Problem  14.    Maximum  and  Minimum  Stresses  in  a  Quadran- 
gular Warren  Truss  by  Algebraic  Resolution. 

(o)  Problem. — Given  a  quadrangular  Warren  truss,  span  120'  o", 
panel  length  15'  o",  depth  18'  o",  dead  load  400  lbs.  per  lineal  foot  per 
truss,  live  load  800  lbs.  per  lineal  foot  per  truss.  Calculate  the  maxi- 
mum and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
resolution.     Scale  of  truss,  i"=2o'  o". 

(&)  Methods. — Construct  four  truss  diagrams  as  shown. 
r  ^  ^  T)ead  Load  Stresses. — The  left  reaction  is  ^^W  and  the  stresses  in 
/  the  end-post  and  end  panel  in  the  bottom  chord  are  +  S^Fsec^and 
—  3iW^-tan  6,  respectively.  The  other  stresses  are  indeterminate  in 
working  from  the  abutment,  and  it  is  necessary  to  pass  to  the  center 
of  the  truss.  The  two  diagonals  meeting  at  the  middle  of  the  top 
chord  will  have  no  stress  for  dead  load,  and  the  load  at  the  middle 
of  the  truss  will  be  equally  divided  between  the  two  diagonals  meeting 
at  the  center  of  the  bottom  chord.  Passing  to  the  left,  the  first  load 
to  the  left  of  the  center  is  carried  directly  to  the  left  abutment  as 
shown,  while  the  corresponding  load  on  the  right  of  the  center  is  carried 
directly  to  the  right  abutment.  The  remaining  shears  can  now  be  cal- 
culated. The  chord  stresses  can  now  be  calculated  as  in  the  case  of  a 
single  intersection  truss. 

Live  Load  Stresses. — The  coefficients  of  the  maximum  chord 
stresses  are  the  same  as  the  dead  load  chord  coefficients.  The  maxi- 
mum and  minimum  live  load  web  stresses  are  not  statically  determinate, 
but  the  following  solution  gives  approximate  results :  Divide  the  truss 
into  two  systems,  the  first  carrying  three  full  loads  and  the  second 
carrying  four  full  loads  as  shown.  Then  calculate  the  maximum  and 
minimum  web  stresses  in  the  two  systems  separately  in  the  usual 
manner.  The  maximum  web  stresses  will  occur  with  the  longer  seg- 
ment loaded,  while  the  minimum  web  stresses  will  occur  with  the 
V  shorter  segment  loaded.  The  maximum  and  minimum  stresses  are 
^  given  in  the  fourth  diagram. 

(c)  Results. — The  live  load  web  stresses  as  calculated  above  are 
approximate,  but  are  on  the  safe  side.  The  exact  solution  can  be  made 
only  by  an  application  of  the  "  Theory  of  Least  Work."  This  type  of 
truss,  with  riveted  connections,  is  used  by  the  American  Bridge  Com- 
pany for  spans  of  80  to  152  feet. 
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Problem  14A.    Maximum  and  Minimum  Stresses  in  a  Quadran- 
gular Warren  Truss  by  Algebraic  Resolution. 

(o)  Problem. — Given  a  quadrangular  Warren  truss,  span  135'  o", 
panel  length  15'  o",  depth  20'  o",  dead  load  400  lbs.  per  lineal  foot  per 
truss,  live  load  700  lbs.  per  lineal  foot  per  truss.  Calculate  the  maxi- 
mum and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
resolution.     Scale  of  truss,  i"==2o'  o". 
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Problem  15.    Maximum  and  Minimum   Stresses   in  a  Whipple 

Truss  by  Algebraic  Resolution. 

'  (a)  Problem. — Given  a  Whipple  truss,  span  260'  o",  panel  length 
20'  o",  depth  40'  o",  dead  load  1,200  lbs.  per  lineal  foot  per  truss,  live 
load  2,000  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum  and 
minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  30'  o". 

(b)  Methods. — The  dead  load  stresses  and  the  maximum  live  load 
chord  stresses  can  be  calculated  by  beginning  at  the  center  and  calcu- 
lating the  shears,  and  then  calculating  the  chord  stresses  as  in  Problem 
14.  The  maximum  and  minimum  live  load  web  stresses  are  statically 
indeterminate  as  were  the  web  stresses  in  Problem  14.  The  usual 
solution  of  this  problem  is  to  divide  the  truss  into  two  trusses  of  single 
intersection.  The  dead  and  the  live  load  chord  stresses  and  the  maxi- 
mum and  minimum  web  stresses  are  then  calculated  as  for  independent 
trusses.  The  loads  at  the  foot  of  the  hip  verticals  are  assumed  as 
equally  divided  between  the  two  systems.  The  final  chord  stresses 
are  the  sums  of  the  chord  stresses  in  the  separate  trusses.  The 
stresses  in  the  web  members,  except  the  hip  vertical,  are  as  given  in 
the  separate  trusses.  In  solving  the  problem  the  partial  truss  dia- 
grams should  be  drawn.  The  trusses  will  be  unsymmetrical,  one  being 
the  same  as  the  other  turned  end  for  end.  With  the  joints  all  loaded 
the  dead  load  chord  and  web  coefficients,  and  the  live  load  chord 
coefficients  are  calculated.  In  calculating  the  maximum  live  load  web 
coefficients  the  loads  are  moved  off  to  the  right,  and  the  maximum 
stresses  in  the  webs  on  the  left  of  the  center  will  occur  when  the 
longer  segment  is  loaded,  and  the  minimum  stresses  in  the  webs  on 
the  right  will  occur  when  the  shorter  segment  is  loaded.  Then  with 
all  joints  in  the  truss  loaded  move  the  loads  off  to  the  left,  calculating 
the  maximum  web  coefficients  on  the  right  of  the  center  and  the  mini- 
mum web  coefficients  on  the  left  of  the  center.  In  calculating  the 
stresses  from  the  shears  it  will  be  seen  that  functions  of  two  angles 
are  used.  The  relation  between  the  two  angles  is  tan^==2tand. 
Web  coefficients  in  terms  of  0  are  enclosed  in  a  ring.  The  calculation 
of  the  chord  coefficients  may  be  illustrated  by  calculating  the  coeffi- 
cient of  the  end  panel  of  the  upper  chord  = —  [^—  156/26  —  70/26  —  2 
(60/26)  ]  W't3in  0  =  346/26PF-tan  0, 

(c)  Results. — The  chord  stresses  calculated  as  above  do  not  agree 
with  those  calculated  by  beginning  at  the  center  of  the  truss  as  in 
Problem  14.  The  student  should  calculate  the  dead  load  chord  and 
web  stresses  and  the  live  load  chord  stresses  as  in  Problem  14.  Whip- 
ple trusses  were  usually  built  with  an  odd  number  of  panels.  The 
Whipple  truss  was  formerly  quite  generally  iised  for  long  span  high- 
way and  railway  bridges,  but  is  now  rarely  built,  being  replaced  by  the 
Petit  truss. 
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15A,  Maximum  and  Minimum  Stresses  in  a  Whipple 
Truss  by  Algebraic  Resolution. 
(a)  Problem. — Given  a  Whipple  truss,  span  260'  o",  panel  length 
20*  o",  depth  40'  o",  dead  load  1,200  lbs.  per  lineal  foot  per  truss,  live 
load  2,000  lbs,  per  lineal  foot  per  truss.  Calculate  the  maximum  and 
minimum  stresses  due  to  dead  and  live  loads.  Calculate  the  dead  load 
chord  and  web  stresses  and  the  live  load  chord  stresses  as  in  Problem 
14.     Scale  of  tmss,  i"  =  3o'  o". 
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Problem  i6.    Maximum  and  Minimum  Stresses  in  a  Through 
Baltimore  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  320'  o", 
panel  length  20'  o",  depth  40'  o",  dead  load  800  lbs.  per  lineal  foot  per 
truss,  live  load  1,800  lbs.  per  lineal  foot  per  truss.  Calculate  the  maxi- 
mum and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
resolution.     Scale  of  truss,  i"  =  4o'  o". 

(fe)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses, — The  shear  in  each  of  the  hangers  is  W,  while 
the  stress  in  each  of  the  diagonal  auxiliary  members  is  — ^I^F-sec^. 
The  stress  in  the  upper  part  of  the  end-post  is  (4-6J  +  i)'^'Secd 
=  -{'7tV'sec0y  where  -f-6JW^*sec^  is  the  stress  due  to  the  shear  and 
+  iW'secO  is  the  stress  due  to  the  half  load  carried  toward  the  center 
by  the  auxiliary  diagonal  member.  The  stress  in  the  main  diagonal  in  the 
third  panel  is  —  $^W'secO,  where  $ilV  is  the  shear  in  the  panel;  while 
the  stress  in  the  diagonal  in  the  fourth  panel  is  ( — 4^  —  i)lV-sccO  =  — 
5/^sec  0,  where  4lW-sec  6  is  the  stress  due  to  the  shear  in  the  panel  and 
^W-secO  in  the  stress  carried  toward  the  center  of  the  truss  by  the 
auxiliary  member.    The  chord  coefficients  are  calculated  as  in  Problem  13. 

Live  Load  Stresses, — The  maximum  shear  in  the  third  panel  occurs 
with  13  loads  to  the  right  of  the  panel  and  with  no  loads  to  the  left 
of  the  panel.  The  shear  in  the  panel  is  then  equal  to  the  left  reaction, 
equals  i3Xi(^3+^)  Xf*/i6=f^P.  The  stress  in  the  main  diag- 
ortal  in  the  third  panel  is  then  equal  to  — f^P-sec^.  The  stress  in  the 
main  diagonal  in  the  fourth  panel  is   ( — rkP  -{-j^P)  sec6= — ||P 

sec^,  =  a  maximum,  the  maximum  shear  in  the  panel  being  12  X  i 
(12  -|- 1)  X  P/i6=  78  P.  In  like  manner  the  maximum  stresses  are 
found  in  5th  and  6th  panels  when  there  is  a  maximum  shear  in  the  5th 
panel,  and  in  the  7th  and  8th  panels  when  there  is  a  maximum  shear  in 
the  7th  panel.  Minimum  stresses  in  the  3d  and  4th  panels  from  the  right 
abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel ;  and  in 
the  5th  and  6th  panels  when  there  is  a  minimum  shear  in  the  Sth  panel. 

(c)  Results. — The  double  panels  next  to  the  center  require  coun- 
ters.    It  should  be  noticed  that  in  calculating  the  stresses  in  these  coun- 
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ters  the  diagonal  auxiliary  ties  will  have  the  dead  load  stress  of  +  5.66 
tons  as  a  minimum. 


Problem  i6a.    Maximum  and  Minimum  Stresses  in  a  Through 
Baltimore  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  320'  o", 
panel  length  20'  o",  depth  45'  o",  dead  load  800  lbs.  per  lineal  foot  per 
truss,  live  load  1,800  lbs.  per  lineal  foot  per  truss.  All  the  auxiliary 
ties  are  to  be  in  compression  as  in  the  ist  and  2d  panels  in  Problem 
16  and  as  in  Problem  6.  Calculate  the  maximum  and  minimum  stresses 
due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of  truss, 
i"  =  4o'o". 
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Problem  17.    Maximum  and  Minimum  Stresses  in  a  Camel-back 

Truss  by  Algebraic  Moments. 

(a)  Problem. — Given  a  Camel-back  truss,  span  100'  o'',  panel 
length  20'  o",  depth  at  hip  20'  o",  depth  at  center  25'  o",  dead  load  300 
lbs.  per  lineal  foot  per  truss,  live  load  800  lbs.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads  by  algebraic  moments.     Scale  of  truss,  i"  =  2o'  o". 

(&)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and 
check  the  values  by  scaling  from  the  drawing. 

Dead  Load  Stresses. — To  calculate  the  stress  in  the  end-post  L^^Ui, 
take  center  of  moments  at  L^,  and  pass  a  section  cutting  LqUi,  U^L^ 
and  L^Lg,  and  cutting  away  the  truss  to  the  right.  Then  assume  stress 
LqU^  as  an  external  force  acting  from  the  outside  toward  the  cut 
section,  and  stress  L^C/i  X  14.14  —  i?iX20  =  o.  Now  R^  =  6  tons 
and  stress  LoC/i  =  +  8.48  tons.  To  calculate  the  stresses  in  LJLj^  and 
LiLj  take  the  center  of  moments  at  U^,  and  pass  a  section  cutting  mem- 
bers U1U2,  f/1^2  2i^d  ^i^2>  ^^d  cutting  away  the  truss  to  the  right. 
Then  assume  the  stress  in  L1L2  as  an  external  force  acting  from  the 
outside  toward  the  cut  section,  and  L^L^  —  R^  X  20  =  0.  Now  jRi  =  6 
tons  and  the  stress  in  LqL^  =  L^L^^^  —  6  tons.  To  calculate  the  stress 
in  UJJ2  take  the  center  of  moments  at  Lj,  and  pass  a  section  cutting 
members  UJJ2,  U2L2  and  L2L2',  and  cutting  away  the  truss  to  the  right. 
Then  assume  the  stress  in  L1U2  as  an  external  force  acting  from  the 
outside  toward  the  cut  section,  and  f/il/jX  24.25  —  R^X40-\'W 
X  20  =  o.  Now  i?i  ==  6,  W^  =  3  tons,  and  the  stress  in  C/^I/g  =  -f  7.42 
tons.  To  calculate  the  stress  in  U1L2  take  the  center  of  moments  at 
A,  and  pass  a  section  cutting  members  U^Uz,  U1L2,  and  LiL2,  and 
cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  l/iLj 
as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and 
r/iLj  X  70.7  -fjRi  X  60— W  X  80  =  0.  Now  2?i  =  6  tons  and  PF  =  3 
tons,  and  C/jLj  X  70.7= —  120  ft.-tons,  and  stress  UJ^2  =  — 1-70  tons. 
The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses. — The  live  load  chord  stresses  are  equal  to  the 
dead  load  chord  stresses  multiplied  by  8/3.  The  maximum  stress  in 
U1L2  will  occur  with  loads  at  Lg,  Lj',  and  L/,  while  the  maximum 
stress  in  counter  f/o^i  will  occur  with  a  load  at  L^  only.  The  maxi- 
mum tension  in  U2L2  will  occur  with  all  the  live  loads  on  the  bridge, 
while  the  maximum  compression  will  occur  when  there  is  a  maximum 
stress  in  the  counter  U2L2',  loads  at  L/  and  L^.  The  details  of  the 
solution  are  shown  in  the  problem. 

(c)  Results. — The  stress  in  the  counter  U2L2  and  the  chords 
U2U2'  and  L2L2  may  be  calculated  by  the  method  of  coefficients,  and 
will  be  the  same  as  for  a  truss  with  parallel  chords  having  a  depth  of 
25'  o".  The  maximum  stress  in  C/2^2  will  occur  with  loads  Lj'  and 
L/  on  the  bridge,  when  the  left  reaction  equals  2X3^^/5  =  6/5?. 
The  stress  in  f/2^2  =  —  6/5F-sec^  =  —  6.15  tons. 
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Problem  i/a.    Maximum  and  Minimum  Stresses  in  a  Camel-back 

Truss  by  Algebraic  Moments. 

(a)  Problem. — Given  a  Camel-back  truss,  span  120'  o",  panel 
length  20'  o",  depth  at  hip  25'  o",  depth  at  JJ^  30'  o",  depth  at  f/3  30'  o", 
dead  load  300  lbs.  per  lineal  foot  per  truss,  live  load  800  lbs.  per  lineal 
foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to 
dead  and  live  loads. 
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Problem  i8.    Maximum  and  Minimum  Stresses  in  a  Through 

Warren  Truss  by  Graphic  Moments. 

(a)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel 
length  20'  o",  depth  20'  o",  dead  load  800  lbs.  per  lineal  foot  per  truss, 
live  load  1,200  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum 
and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  i"  =  20' o". 
Scale  of  loads,  i"  =  50,000  lbs. 

(b)  Methods.  Chord  Stresses. — Calculate  the  center  ordinate  of 
the  parabola  =  wLV8d  =  98,000  lbs.,  and  lay  it  off  at  5  to  the  pre- 
scribed scale.  Now  lay  off  the  vertical  line  1-5  at  the  left  and  right 
abutments.  Make  1-2  =  2-3  =  3-4  =  2  (4-5).  Draw  the  inclined 
lines  i-s,  2-5,  3-5,  4-5,  5-5.  The  intersections  of  these  lines  with  ver- 
ticals let  drop  from  the  lower  chord  points  are  points  in  the  stress  para- 
bola for  the  upper  chord  stresses.  The  stresses  in  the  lower  chords  are 
the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side. 
By  changing  the  scale  the  live  load  stresses  may  be  scaled  directly  from 
the  diagram. 

Web  Stresses, — At  the  distance  of  a  panel  to  the  left  of  the  left 
abutment  lay  off  the  vertical  line  1-8  equal  to  one-half  the  total  live 
load  on  the  truss,  to  the  prescribed  scale,  equal  1,200X70  =  84,000 
lbs.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are 
panels  in  the  truss,  and  mark  the  points  of  division  2,  3,  4,  etc.  Con- 
nect these  points  of  division  with  the  panel  point  7,  the  first  panel 
point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  inter- 
sections of  like  numbered  lines  will  give  points  on  the  curve  of  maxi- 
mum live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  3^^,  downward 
to  the  prescribed  scale  under  the  left  abutment,  and  reduce  the  shear 
under  each  load  to  the  right  by  W,  until  the  dead  load  shear  is  —  3IV 
at  the  right  abutment.  The  dead  load  shear  diagram  is  then  con- 
structed as  shown. 

Maximum  and  Minimum  Web  Stresses. — The  maximum  shear  in 
any  panel  is  then  the  ordinate  to  the  right  of  the  panel  point  on  the 
left  end  of  the  panel,  and  the  stresses  in  the  web  members  are  calcu- 
lated by  drawing  lines  parallel  to  the  corresponding  member  as  shown. 
Positive  stresses  are  measured  downwards  from  the  live  load  shear 
curve,  and  negative  stresses  are  measured  upwards  from  the  live  load 
shear  curve. 

(c)  Results. — This  method  is  an  excellent  one  for  illustrating  the 
effect  of  the  different  systems  of  loads,  but  consumes  too  much  time 
to  be  of  practical  use.  It  should  be  noted  that  the  maximum  ordinate 
to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  number  of  panels. 
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Problem  i8a.  Maximum  and  Minimum  Stresses  in  a  Through 
Warren  Truss  by  Graphic  Moments. 
(a)  Problem. — Given  a  through  Warren  truss,  span  160'  o",  panel 
length  20'  o",  depth  24'  o",  dead  load  900  lbs.  per  lineal  foot  per  truss, 
live  load  1,200  lbs.  per  lineal  foot  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  graphic  moments. 
Scale  of  truss,  i"^25'  o".     Scale  of  loads,  i"  =  50,000  lbs. 
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Problem  19.    Maximum  and  Minimum  Stresses  in  an  Inclined 
Chord  Through  Warren  Truss  by  Graphic  Resolution. 

(a)  Problem, — Given  an  inclined  chord  through  Warren  truss, 
span  100'  o'',  panel  length  20'  o",  depth  at  the  hip  15'  o",  depth  at  the 
second  panel  22'  6",  depth  at  the  center  25'  o",  dead  load  600  lbs.  per 
lineal  foot  per  truss,  live  load  1,000  lbs.  per  lineal  foot  per  truss.  Cal- 
culate the  maximum  and  minimum  stresses  due  to  dead  and  live  loads 
by  graphic  resolution.  Scale  of  truss,  i"=i5'  o".  Scale  of  dead 
loads,  i"  =  9,000  lbs.     Scale  of  live  loads  as  shown. 

(6)  Methods. — Construct  a  truss  diagram  and  calculate  the  dead 
load  stresses  in  the  usual  way  as  shown.  The  live  load  chord  stresses 
are  found  by  multiplying  the  dead  load  chord  stresses  by  5/3.  To 
calculate  the  maximum  and  minimum  web  stresses  proceed  as  follows : 
Assume  that  the  truss  is  fixed  at  the  right  abutment  and  that  the  left 
reaction  is  jRi  =  say  10,000  lbs.  with  no  loads  on  the  bridge.  Then 
beginning  at  the  left  reaction  R^,  calculate  by  graphic  resolution  the 
stresses  in  the  different  members  of  the  truss  due  to  the  left  reaction 
of  10,000  lbs.,  there  being  no  loads  on  the  bridge.  The  reaction  is  laid 
off  to  a  scale  of  i"  =  6,000  lbs.  Now  to  calculate  the  maximum  live 
load  stress  in  any  web  member  multiply  the  stress  as  scaled  from  the 
diagram  by  the  ratio  of  the  left  reaction  which  produces  the  maximum 
stress  to  10,000  lbs.  For  example,  the  member  1-2  has  a  maximum 
stress  with  all  the  joints  loaded  and  the  reaction  is  20,000  lbs.,  or  the 
scale  of  the  stress  is  i"=  12,000  lbs.  The  stress  1-2  then  equals 
— 14,500  lbs.  The  maximum  live  load  stress  in  2-3  occurs  with  loads 
at  the  three  panel  points  at  the  right,  and  7^3  =  ^(3  X  2F)  =12,000 
lbs.,  or  the  scale  of  the  stress  in  the  diagram  is  i"  =  7,200  lbs.,  and 
the  stress  in  2-3  equals  +  7,900  lbs.  The  stresses  in  the  remaining 
web  members  are  calculated  in  the  same  manner. 

(c)  Results. — This  solution  may  be  used  to  calculate  the  maximum 
and  minimum  stresses  in  any  truss,  but  it  is  best  adapted  to  the  solu- 
tion of  stresses  in  trusses  like  the  one  shown.  The  maximum  and 
minimum  stresses  are  given  on  the  right  hand  side  of  the  truss  diagram. 
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Problem  19A.     Maximum  and  Minimum  Stresses  in  an  Inclined 
Chord  Through  Warren  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Warren  truss, 
span  120'  o",  panel  length  20'  o",  depth  at  the  hip  15'  o",  depth  at  the 
second  panel  in  the  top  chord  22'  6",  depth  at  the  third  panel  25'  o" 
(middle  panel  has  parallel  chords),  dead  load  600  lbs.  per  lineal  foot 
per  truss,  live  load  1,100  lbs.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  graphic 
resolution.  Scale  of  truss,  i "  =  20'  o".  Scale  of  dead  loads,  i"  =  10,000 
lbs.     Scale  of  live  loads  as  calculated. 
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Problem  20.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss 

BY  Algebraic  Moments. 

(o)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25' 
o",  depth  at  the  hip  50'  o",  depth  at  center  58'  o",  dead  load  0.9  tons  per 
lineal  foot  per  truss,  live  load  1.4  tons  per  lineal  foot  per  truss.  Cal- 
culate the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads  by  algebraic  moments.  Scale  of  truss,  i"  =  4o'  o".  Scale  of 
lever  arms,  any  convenient  scale. 

(b)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as 
shown.  Construct  one-half  the  truss  to  scale  on  a  large  piece  of  paper 
and  calculate  the  lever  arms  as  shown,  and  check  by  scaling  from  the 
diagram.     The  methods  of  calculation  will  be  shown  by  two  examples : 

1.  Stresses  in  Tie  6-7.  Dead  Load  Stress, — Pass  a  section  cutting 
members  y-X,  6-7,  and  6-F,  and  cutting  away  the  truss  to  the  right. 
The  center  of  moments  will  be  at  A,  the  intersection  of  chords  y-X 
and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting 
from  the  outside  toward  the  cut  section.  Then  for  equilibrium  6-7 
X477-o  +  /^iX  575  —  3^*^X625  =  0.  Now  i?i  =  146.25  tons  and 
W  =  22.^  tons,  and  solving  the  equation  gives  stress  6-7= — 87.8 
tons. 

Live  Load  Stresses, — The  maximum  live  load  stress  in  6-7  will 
occur  with  the  longer  segment  of  the  truss  loaded.  Taking  moments 
about  point  A  as  for  the  dead  loads  the  maximum  live  load  stress 

6-7X477-o  +  ^iX575  =  o-       Now    ^1  =  55/14X35    tons  =  137.5 
tons,  and  the  stress  in  6-7= — 165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter 
segment  of  the  truss  loaded.     Taking  moments   about  the   point  A, 

6-7  X  4770  +  ^1  X  575  —  3^  X  625  ==  o.    Now  i?i = 90  tons, P  =  35 
tons,  and  stress  in  6-7  =  -|-  29.1  tons. 

2.  Stresses  in  Tie  4-7.  Dead  Load  Stress, — Pass  a  section  cutting 
members  7-X,  4-7,  4-5  and  5-K,  and  cutting  away  the  truss  to  the 
right.  Now  assume  the  stress  in  4-7  as  an  external  force  acting  from 
the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the 
point  A,  stress  4-7  X  477-0  +  /^i  X  575  —  stress  4-5  X  442.0  —  2W 
X  612.5  =  0.  Now  the  number  4-5  will  carry  one-half  the  load  car- 
ried by  5-6,  and  the  stress  equals  1/2  X  22.5  X  1.414  =  +  15.9  tons. 
/?!=  146.25  tons,  and  2^^  =  45  tons.     Then  stress  4-7  =  —  103.6  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  4-7  will 
occur  with  the  longer  segment  loaded.  Taking  moments  about  A  as 
for  dead  loads,  stress  4-7  X  477-0  +  /?i  X  575  —  stress  4-5  X  442.0  =:o. 
Now  stress  4-5  =  4-24.8  tons,  and  J?i  =  66/14  X  35  =  165  tons. 
Then  stress  4-7  =  — 175-7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to 
the  left  of  the  panel.  Taking  moments  about  the  point  A,  the  stress 
4-7  X  477.0  +  RiX  575  —  2P  X  61 2.5  =  o.  Now  R^  =  62.5  tons  and 
2P  ■=  70  tons.     Then  stress  4-7  =  +  14.5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in 
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the  two  middle  panels  may  be  calculated  by  coePRcients.  Check  up  the 
dead  load  chord  stresses  by  comparing  with  the  stresses  obtained  by 
graphic  resolution  in  Problem  6. 

(c)  Results. — The  auxiliary  members  carry  the  stresses  directly 
toward  the  abutments  and  there  is  no  ambiguity  of  loading  as  in  the 
case  of  a  truss  subdivided  as  in  Problem  i6.  However,  the  method  of 
subdividing  shown  in  Problem  i6  is  used  in  preference  to  that  shown 
in  this  problem.  The  Petit  truss  is  quite  generally  used  for  long  span 
pin-connected  highway  and  railway  bridges. 


pR0BLEM20A.  Maximum  and  Minimum  Stresses  in aPetitTruss 
BY  Algebraic  Moments. 
(o)  Problem. — Given  a  Petit  truss  with  the  same  span  and  loads 
as  in  Problem  zo,  the  auxiliary  bracing  to  be  the  same  as  in  Problem 
i6.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads  by  algebraic  moments. 
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Problem  21.    Live  Load  Stresses  in  a  Through  Pratt  Truss  for 

Cooper's  E  40  Loading. 

(o)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23' 
6J",  depth  30'  o",  live  load  Cooper's  E  40  loading.  Calculate  the  posi- 
tion of  the  loads  and  the  maximum  and  minimum  stresses  due  to  the 
prescribed  loading  by  algebraic  moments.     Scale  of  truss,  i''  =  25'  o". 

(b)  Methods.  Chord  Stresses, — Calculate  the  position  of  the 
wheels  for  a  maximum  bending  moment  at  the  different  joints  in  the 
lower  chord.  The  criterion  for  maximum  bending  moment  at  any 
joint  in  a  Pratt  truss  is,  "  the  average  load  on  the  left  of  the  section 
must  be  the  same  as  the  average  load  on  the  entire  bridge."  Having 
determined  the  wheel  that  is  at  the  joint  for  a  maximum  moment,  cal- 
culate the  maximum  bending  moment  as  shown.  Having  calculated 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  divid- 
ing the  bending  moment  by  the  depth  of  the  truss.  The  moment  dia- 
gram is  given  in  Fig.  95. 

Web  Stresses. — ^Calculate  the  position  of  the  wheels  for  maximum 
shears  in  the  different  panels.  The  criterion  for  ma^ifimum  shear  in 
a  panel  is,  "the  load  on  the  panel  must  equal  the  load  on  the  bridge 
divided  by  the  number  of  panels."  The  criterion  for  maximum  bend- 
ing moment  at  Lj  is  the  same  as  the  criterion  for  maximum  shear  in 
panel  L^^L^.  Having  determined  the  position  of  the  wheels  for  maxi- 
mum shears  in  the  different  panels,  calculate  the  maximum  shears  as 
shown.  The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multi- 
plied by  seed. 

Floorbeam  Reaction, — The  stress  in  the  hip  vertical  t/jLi  is  equal 
to  the  maximum  floorbeam  reaction.  This  is  calculated  as  follows: 
Take  a  simple  beam  with  a  span  equal  to  the  sum  of  two  panel  lengths 
and  calculate  the  maximum  bending  moment  at  the  point  in  the  beam 
corresponding  to  the  panel  point;  in  this  case  it  will  be  the  center  of 
the  span.  This  betiding  moment  multiplied  by  the  sum  of  the  panel 
lengths  divided  by  the  product  of  the  panel  lengths  will  be  the  maxi- 
mum floorbeam  reaction;  in  this  case  the  maximum  bending  moment 
at  the  center  will  be  multiplied  by  2  divided  by  the  panel  length. 

(r)  Results. — When  the  maximum  stresses  occur  in  chords  U^U^, 
UJJ;l  and  L^L^',  counter  U^L^  is  in  action.  It  occasionally  happens 
that  there  is  more  than  one  position  of  the  loading  that  will  satisfy 
the  criterion  for  maximum  bending  moment.  In  this  case  the  moments 
for  each  case  must  be  calculated.  The  equivalent  uniform  load  for 
the  truss  from  Fig,  48,  is  2,475  ^t)S.  per  lineal  foot  per  truss.  This 
load  is  used  for  calculating  maximum  moments  and  shears,  using  equal 
joint  loads  in  the  same  manner  as  for  highway  bridges.  To  calculate 
the  maximum  floorbeam  reaction  an  equivalent  load  of  3,110  lbs.  per 
lineal  foot  is  used.  The  stringers  are  always  designed  for  actual  wheel 
concentrations,  or  by  means  of  tables  calculated  for  actual  wheel  loads. 
For  equivalent  uniform  loads  for  floorbeams,  stringers,  etc.,  see  Table  X, 
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Problem  2ia.    Live  Load  Stresses  in  a  Through  Pratt  Truss 

FOR  Cooper's  E  40  Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  200'  o",  pand  length  25' 
o",  depth  32'  o",  live  load  Cooper's  E  40  loading.  Calculate  the  posi- 
tion of  the  loads  and  the  maximum  and  minimum  stresses  due  to  the 
prescribed  loading  by  algebraic  moments.  Check  the  concentrated  live 
load  stresses  by  calculating  the  maximum  and  minimum  stresses  for 
the  equivalent  uniform  live  load  as  given  in  Fig.  48.  Scale  of  truss, 
I "  =  30'  o". 


184  solutions  of  problems. 

Problem  22.    Stresses  in  the  Portal  of  a  Bbidge  by  Algebraic 

Moments  and  Graphic  Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown, 
inclined  height  30'  o",  center  to  center  width  15'  o",  load  i?  =  2,000 
lbs.,  end-posts  pin-connected  at  the  base.  Calculate  the  stresses  by 
algebraic  moments  and  check  by  graphic  resolution.     Scales  as  shown. 

(&)  Methods.— Now  H  =  H'  =  1,000  lbs.  F  =  — F',  and  by 
taking  moments  about  B,  F  =  30  X  2,000/15  =  4,000  lbs.= — V. 

Algebraic  Moments. — In  passing  sections,  care  should  be  used  to 
avoid  cutting  the  end-posts  for  the  reason  that  these  members  are  sub- 
ject to  bending  stresses  in  addition  to  the  direct  stresses.  To  calcu- 
late the  stress  in  member  3-y  take  the  center  of  moments  at  joint  ( i ) 
and  pass  a  section  cutting  members  4-b,  3-4  and  3-Y,  and  cutting  the 
portal  away  to  the  left  of  the  section.  Then  assumes  stress  3-y  as  an 
external  force  acting  from  the  outside  toward  the  cut  section,  and  3-y 
X  10  X  0.447  sin  ^  +  ^  X  1 ,000  =  o.  The  stress  in  3-y  =  —  6,710 
lbs.     The  remaining  stresses  are  calculated  as  shown. 

Graphic  Resolution. — Lay  off  a-A=^A-b  =  H  =1,000  lbs.,  and 
A-Y=V'  =  4,000  lbs.  Then  beginning  at  point  B  in  the  portal  the 
force  polygon  for  equilibrium  is  a-A-Y-i'-a,  in  which  I'-o  is  the 
stress  in  the  auxiliary  member  i-a,  and  y-i'  is  the  stress  in  the  post 
i-y  when  the  auxiliary  member  is  acting.  The  true  stress  in  i-y  is 
equal  to  the  algebraic  sum  of  the  vertical  components  of  the  stress 
I'-a  and  y-i',  and  equals  F'= — 4,000  lbs.  Next  complete  the  force 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is 
known  and  the  force  triangle  is  a-i'-2'-a,  the  forces  acting  as  shown. 
The  stress  diagram  is  carried  through  in  the  order  shown,  checking  up 
at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in 
the  stress  diagram.  The  true  stress  in  3-2  will  produce  equilibrium 
for  vertical  stresses  at  joint  (i)  as  shown.  The  maximum  shear  in 
the  posts  is  f/=  1,000  lbs.  The  maximum  bending  moment  in  the 
posts  will  occur  at  the  foot  of  the  member  3-y,  joint  (3),  and  is 
Af=  1,000  X  20  X  12  =  240,000  in.-lbs. 

(c)  Results. — The  method  of  graphic  resolution  requires  less 
work  and  is  more  simple  than  the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corre- 
sponding joint  on  the  opposite  side,  as  might  be  inferred  from  the 
figure. 
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Problem  22a.  Stresses  in  the  Portal  of  a  Bridge  by  Algebraic 
Moments  and  Graphic  Resolution, 
(a)  Problem. — Given  the  portal  shown  in  Problem  22,  except  that 
the  posts  are  fixed  at  their  bases.  Calculate  the  stresses  by  algebraic 
moments  and  check  by  graphic  resolution.  Assume  the  point  of  contra- 
flexure  as  half  way  between  the  base  of  the  post  and  the  foot  of  the 
knee  brace.     Scales  as  in  Fig.  22. 
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Problem  23.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  45'  o",  width  at  the 
base  30'  o",  width  at  the  top  9'  o",  wind  loads  Pq,  P^,  P^,  F3,  P^,  as 
shown.  Calculate  the  stresses  in  the  members  of  the  bent  due  to  wind 
loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by 
graphic  resolution.  Assume  that  the  diagonal  members  are  tension 
members,  and  that  the  dotted  members  are  not  acting  for  the  wind 
blowing  as  shown.  Scale  of  truss,  i"=  10'  o".  Scale  of  loads,  i"  = 
2,000  lbs. 

(ft)  Methods. — Algebraic  Moments. — To  calculate  the  stresses  in 
the  diagonal  members  take  centers  of  moments  about  the  point  A,  the 
point  of  intersection  of  the  inclined  posts.  Then  to  calculate  the 
stress  in  3-4,  pass  a  section  cutting  members  3-X,  3-4  and  ^-Y  \ 
assume  that  the  stress  in  3-4  is  an  external  force  acting  from  the  out- 
side toward  the  cut  section,  and  3-4  X  i5-9'  +  3»oooX  i9-3'  +  3>ooo 
X  ii.3'  =  o.  The  stress  3-4= — 5,800 lbs.  Stresses  in  4-5,  5-6,  6-7, 
7-8  and  8-Z  are  calculated  in  a  similar  manner.  To  obtain  reaction 
R^  take  moments  about  R^,  and  R^  X  30'  —  2,000  X  15'  —  2,000  X  30' 
—  3,000X45'  —  3,000  X  53' =  0.     Then   i?i  =  12,800   lbs,  =  —  R^^ 

To  calculate  the  stress  in  4-F,  take  center  of  moments  at  joint  Pj* 
and  pass  a  section  cutting  members  S~X,  4-5  and  4-F,  and  assume  the 
stress  in  ^-Y  as  an  external  force  acting  from  the  outside  toward 
the  cut  section.  Then  4-F  X  i5-6'  —  3,000X15'  —  3,000X23'  =  ©. 
Then  4-F  =  +  7,300  lbs. 

Graphic  Resolution, — The  load  P^  is  assumed  as  transferred  to  the 
bent  by  means  of  the  auxiliary  members.  The  loads  Pq,  P^,  P2,  Pz,  P^ 
are  laid  oflF  as  shown,  and  with  the  load  Pq  the  stress  triangle  F-X-2 
is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — The  stress  in  the  auxiliary  member  2-F  acts  as  a 
load  at  the  top  of  post  4-F.  Load  P^  is  the  wind  load  on  the  train 
and  is  transferred  to  the  rails  by  the  car.  For  the  reason  that  the 
wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must 
be  considered  in  combination  with  the  dead  and  live  load  stresses  in 
designing  the  columns. 
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Problem  23 a.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  54'  o",  panels  18'  o", 
width  at  the  base  30'  o",  width  at  the  top  8'  o",  wind  loads  P^,  P^,  P^y 
P3,  F4  as  shown  in  Problem  23.  Calculate  the  stresses  in  the  members 
of  the  bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  cal- 
culating the  stresses  by  graphic  resolution.  Assume  that  the  diagonal 
members  are  tension  members,  and  that  the  dotted  members  are  not 
acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  =  io'  o''. 
Scale  of  loads,  i"  =  2,000  lbs. 
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Problem   24.    Wind  Load   Stresses  in   a  Transverse   Bent  by 

Graphic  Resolution. 

(a)  Problem. — Given  a  transverse  bent,  span  40'  o,"  pitch  of  roof 
J,  height  of  posts  20'  o",  posts  pin-connected  at  the  base,  wind  load  20 
lbs.  per  square  foot  of  vertical  projection.  Calculate  the  wind  load 
stresses  in  the  bent  by  graphic  resolution.  Scale  of  bent,  i"  =  io'  o". 
Scale  of  loads,  i"  =  3,000  lbs. 

( b  )  Methods.— Now  H  =  ^XP  =  4,500  lbs.  =  H\  To  calculate  V 
take  moments  about  the  foot  of  the  right-hand  post,  and  F'  X  40'  — 
3,oooXi3i'  — 1750X20'  — 1,500X25'  — 750X30' =  0.  Then  V 
=  +  3.375  lbs.=— F'. 

To  construct  the  stress  diagram  lay  oS  the  load  line  P^  +  ^2  +  ^s 
-j-P^  +  Pf^,  and  i-F  =  F  =  3,375  lbs.  Beginning  at  the  foot  of  the 
windward  post,  V  acts  downward,  H  =  X-i  acts  to  the  left,  P^  acts 
to  the  right.  The  polygon  is  closed  by  drawing  lines  parallel  to  i-X 
and  i-Y,  the  final  stress  polygon  being  Y-i-X-X-i'.  Then  pass  to  the 
load  P^  in  the  transverse  bent,  and  in  the  stress  diagram  P^  acts  to  the 
right,  i-X  acts  upwards  to  the  left,  1-2  acts  to  the  right,  and  2-X 
acts  downwards  to  the  left,  closing  the  polygon.  The  remainder  of  the 
stress  diagram  is  drawn  in  a  similar  manner,  passing  to  the  foot  of 
the  knee  brace,  then  to  the  top  of  the  post,  etc.,  finally  checking 
up  at  the  foot  of  the  leeward  post.  The  maximum  shear  is  in  the  lee- 
ward post,  below  the  knee  brace  the  shear  is  //  =  i  ,000  lbs.,  above  the 
knee  brace  the  shear  is  the  horizontal  component  of  the  stress  in  lo-X 
=  io'-X  =  9,000  lbs.  The  maximum  bending  moment  in  the  post  is  at 
the  foot  of  the  leeward  knee  brace  and  is  M=  1,000  X  I3i=i3»333 
ft.-lbs.  For  further  explanation  see  the  author's  "The  Design  of 
Steel  Mill  Buildings." 

(c)  Results. — The  stresses  in  the  members  do  not  follow  the  usual 
rules  for  trusses  loaded  with  vertical  loads ;  the  top  chord  is  partly  in 
tension  and  partly  in  compression,  while  the  bottom  chord  is  in  com- 
pression. The  bent  should  be  designed  for  the  wind  load  stresses  com- 
bined with  the  dead  load  and  the  minimum  snow  load  stresses,  for  the 
wind  load  and  the  dead  load  stresses,  or  for  the  wind  load  and  the 
dead  load  stresses,  whichever  combination  produces  maximum  stresses 
or  reversals  of  stresses. 

The  stresses  in  the  posts  are  calculated  by  dropping  the  points  i,  2, 
10  and  II  to  the  points  i',  2',  10'  and  11',  respectively,  on  the  load  line, 
or  on  load  line  produced.  The  stresses  in  the  windward  post  are  I'-F 
and  2'-3,  while  the  stresses  in  the  leeward  post  are  ii'-F  and  9-10'. 
The  maximum  shear  in  the  leeward  post  is  above  the  knee  brace  and 
is  io'-X  =  9,000  lbs. 
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Problem  24A.    Wind  Load  Stresses  in  a  Transverse  Bent  by 

Graphic  Resolution. 

(a)  Problem. — Given  a  transverse  bent,  span  40'  o",  pitch  of 
roof  J,  height  of  posts  20'  o",  posts  pin-connected  at  the  base,  wind 
load  20  lbs.  per  square  foot  normal  to  the  sides  and  the  normal  com- 
ponent of  a  horizontal  wind  load  of  30  lbs.  per  square  foot  on  the 
roof.  (The  normal  load  on  the  roof  for  a  horizontal  wind  load  of  30 
lbs.,  is  22\  lbs.  per  sq.  ft.,  see  "Steel  Mill  Buildings.")  Calculate  the 
wind  load  stresses  in  the  transverse  bent  by  graphic  resolution.  Scale 
of  bent,  i"=io'  o".     Scale  of  loads,  i"  =  3,000  lbs. 


PART  IL 
THE  DESIGN  OF  HIGHWAY   BRIDGES. 

Introduction. — Highway  bridges  are  built  (i)  of  steel  or  iron; 
(2)  of  steel  or  iron  and  timber;  (3)  of  timber;  (4)  of  masonry  or 
concrete;  and  (s)  of  reinforced  concrete. 

Steel  Bridges. — Steel  highway  bridges  may  for  convenience  be 
divided  into  (a)  short  span  bridges,  including  beam,  leg  and  low  truss 
bridges;  (b)  high  truss  bridges;  and  (c)  plate  girders.  Truss  bridges 
are  made  with  pin-connected  joints — "  pin-connected,"  or  with  riveted 
joints — "  riveted." 

Combination  Bridges. — Combination  bridges  have  timber  upper 
chords,  posts  and  struts,  and  steel  or  iron  tension  members.  Combi- 
nation bridges  are  commonly  made  with  the  Pratt  type  of  tru$s,  and 
may  have  parallel  or  inclined  chords.  Combination  bridges  are  used 
only  where  timber  is  cheap,  and  steel  and  iron  are  relatively  expensive. 

Timber  Bridges. — Timber  is  used  for  trestles,  culverts,  and  occa- 
sionally for  truss  bridges.  The  Howe  truss  is  usually  made  with 
timber  upper  and  lower  chords  and  diagonal  struts,  the  vertical  ties 
being  steel  or  iron  rods.  Timber  bridges  are  now  used  only  for  tem- 
porary structures  and  for  locations  where  there  is  not  sufficient  money 
for  good  bridges. 

Masonry  Bridges. — Arch  bridges  were  formerly  made  of  stone 
masonry  or  plain  concrete  and  later  of  reinforced  concrete.  Masonry 
bridges,  when  properly  designed  and  constructed,  are  permanent  struc- 
tures. 

Reinforced  Concrete  Bridges. — Reinforced  concrete  is  now  quite 
generally  used  for  arch  and  beam  highway  bridges,  trestles  and  cul- 
verts.    Reinforced  concrete  structures  can  be  built  in  locations  where 

191 


192  DESIGN   OF   HIGHWAY   BRIDGES. 

it  would  not  be  possible  to  build  ordinary  masonry  arches,  and  can 
usually  be  built  for  less  money.  Reinforced  concrete  structures 
require  great  care,  and  when  so  constructed  are  permanent. 

The  design  of  different  types  of  highway  bridges  will  be  discussed 
in  detail  in  Part  II. 


CHAPTER  X. 

Short  Span  Steel  Highway  Bridges. 

Introduction. — The  term  short  span  highway  bridges  will  be  assumed 
to  include  beam,  leg  and  low  truss  bridges. 

BEAM  BRIDGES. — Beam  bridges  are  made  by  placing  steel  beams 
side  by  side  with  the  ends  resting  on  the  abutments.  The  roadway  ^ 
floor  is  usually  made  of  planks  laid  transversely  on  the  tops  of  the 
beams.  The  spacing  of  the  beams  depends  upon  the  load  to  be  carried 
and  upon  the  thickness  of  the  floor  planks,  and  varies  from  2  to  3 
feet.  A  common  rule  for  the  thickness  of  oak  floor  planks  is  that 
the  plank  shall  have  at  least  one  inch  in  thickness  for  each  foot  of 
spacing  of  the  joists  or  stringers.  The  outside  beams  carry  a  smaller 
load  than  the  intermediate  beams  and  are  usually  steel  channels.  The 
intermediate  beams  are  steel  I  beams.  It  is  commonly  specified  that 
rolled  beams  shall  have  a  depth  not  less  than  %o  the  span. 

A  steel  beam  bridge,  as  designed  by  the  Pittsburg  Bridge  Company, 
is  shown  in  Fig.  140.  This  bridge  was  designed  for  a  roadway  15  feet 
wide.  The  hub  guard  or  fence  railing  is  composed  of  two  angles 
laced,  while  the  posts  are  single  angles  braced  as  shown.  The  bottom 
flanges  of  the  beams  are  braced  by  means  of  a  4-in.  channel  as  shown. 
The  lower  flanges  of  the  beams  are  not  punched  but  are  fastened  to 
the  channel  braces  by  means  of  lugs.  The  floor  planks  are  spiked  to  ' 
the  3"  X  8"  spiking  strips,  which  are  in  turn  bolted  to  the  upper 
flanges  of  the  beams.  The  shims  that  are  placed  between  the  felloe 
guard  and  the  floor  planks  are  of  doubtful  utility.  This  bridge  has  no 
lateral  bracing,  the  floor  being  sufficiently  rigid  to  transfer  the  wind 
loads  to  the  ends  of  the  bridge. 

Standard  steel  beam  bridges,  as  designed  by  the  American  Bridge 
Company,  are  shown  in  Fig.  141  and  Fig.  142.  The  details  of  both 
bridges  are  the  same  with  the  exception  of  the  fence.     Angle  cross- 
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braces  are  used  on  both  bridges  in  the  place  of  the  channel  braces 
shown  in  Fig.  140.  The  beams  rest  directly  on  the  bridge  seat  of  the 
abutment  and  not  on  wall  channels  as  in  Fig.  140,  although  a  channel 
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Fig.  140.    Beam  Bridge*     (Pittsburg  Bridge  Company.) 

is  sometimes  laid  on  the  bridge  seat  with  the  legs  turned  down  to 
carry  the  beams.  The  gas  pipe  rail  in  Fig.  141  is  much  cheaper  than 
the  lattice  rail  in  Fig.  142.  The  sizes  and  spacing  of  the  beams  for 
the  standard  beam  bridges  shown  in  Figs.  141  and  142  for  different 
roadways  and  spans  are  given  in  Table  XII  (also  see  Tables  VII  and 
VII,  Chapter  II).  The  bridges  in  Table  XII  were  designed  for  a  live 
load  of  125  lbs.  per  square  foot  of  floor,  or  a  15-ton  road  roller.  The 
weight  of  the  railing  shown  in  Fig.  142  may  be  taken  at  33  lbs.  per 
lineal  foot  of  bridge,  plus  100  lbs.  for  each  railing  post. 

In  the  place  of  the  spiking  strips  on  the  tops  of  the  beams,  as  shown 
in  Figs.  140  to  142,  inclusive,  spiking  strips  are  sometimes  bolted  on  the 
sides  of  the  channels  and  the  center  I  beam,  or  two  channels  are  used 
for  the  center  beam  with  the  spiking  strip  bolted  between  them.  The 
floor  planks  are  spiked  to  these  spiking  strips,  and  are  fastened  to  the 
other  beams  by  clinching  spikes,  which  have  been  driven  through  the 
planks,  around  the  top  flanges  of  the  beams. 


STEEL   BEAM    BRIDGES. 


The  maximum  span  for  beam  bridges  is  usually  given  as  40  feet. 
A  better  limit  for  beam  spans  is  32  feet.     Riveted  truss  bridges  should 
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be  used  for  spans  of  32  feet  and  upwards  for  country  bridges,  and 
plate  girders  for  heavy  city  bridges.     Riveted  bridges  for  spans  of,  say, 


40  feet  are  more  economical  than  beam  bridges  and  will  give  fully  as 
great  a  length  of  service.  The  ends  of  beam  bridges  should  always  be 
supported  on  masonry  abutments  (see  Chapter  XV). 


LEG   BRIDGES. 
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A  beam  bridge  with  a  solid  flcx)r  is  shown  in  Fig.  143.  The  bridge 
consists  of  six  20"  @  60-lb.  I  beams,  with  4"  @  7i-lb.  I  beams  laid 
transversely  and  spaced  2'  2"  apart     The  concrete  floor  is  reinforced 

TABLE  XII. 

Standard  Beam  Highway  Bridges.     (American  Bridge  Company,  Class  D 
Loading.)    Also  See  Tables  VII  and  VIII,  Chapter  II. 


Length  outio 
out  of  beams 

12' Wide 

14*  Wide 

l6'il8'W!de 

20'&22'Wide 

10%  14' 

3'7"lsl5  lb. 
2'l"Cyellb, 

4'l"l^l5^lb, 
2'7"3e^lb. 

5-7'lil5lb. 

e-i'msib, 

2-TS9£lb: 

IS'fold' 

3'3''l^l6  lb. 
2-3" l> Hi  lb. 

4'd^l5l6  lb. 
2'd''[?llklh. 

5-8'l3ldlb. 

2-&'eniib. 

6-e^pi8,  lb. 

2-d'&llilb. 

10%  22' 

3- 9"!^  2  Lib 
2'9''ei3ilb, 

4'9''ly2l  Ik 
2-9''3J3ilbL 

S-b'PII  Ik 
Z-e'l^lijIb. 

6-9'i32llb 
2-9'&l3ilb 

23'fo2e' 

yio''m5  lb, 

2rlO''!Si5  lb. 

4'IO'i^25  Ik 
2'I0''BI5  Ik 

HO'MS  lb 
l-WSIS  lb 

6-l0'li25lb 
l-W&IS  lb 

27'fo30' 

3'l2''l33lilk 
2'l2''§20ilb. 

4'l2''fi3lilk 
2'l2''&20ilb. 

5-l2'U5/ilb 
2-12'eZOilb 

6-l2'if}lilb. 
2-l2'lf2bflb 

31%  33' 

3'l5'b42  lb 
2' IS'' D  33  lb. 

4'I5''IU2  Ik 
2'l$''333  Ik 

5'l5'ii42  lb 
2-l5"Bn  lb 

6-l5^P42  lb. 
2-l5^05i  lb. 

36%  40' 

5'ld''l353  lb 

6-l0^S5  lb. 

7-ld*I>55  lb 

7-10^55  lb. 

Notei- Clear  6pan  under  Copinq  h  2  feet /ess  than. length  oaf 
to  oirt  of  beams. 

near  the  bottom  with  expanded  metal.  A  beam  bridge  of  three  spans 
is  shown  in  Fig.  144.  The  intermediate  supports  are  steel  bents  braced 
transversely.  This  bridge  with  its  abutments  makes  a  very  satisfactory 
structure. 

LEG  BRIDGES. — Beam  and  truss  bridges  are  sometimes  sup- 
ported on  steel  legs  in  the  place  of  abutments.  A  steel  leg  beam 
bridge  is  shown  in  Fig.  145.  The  legs  are  composed  of  I  beams  sup- 
ported on  a  steel  channel  mudsill.  The  backing  is  a  ^  inch  steel  plate. 
The  steel  legs  are  usually  bolted  to  timber  mudsills,  and  have  either  a 
plank  or  a  stone  slab  backing.  The  legs  should  be  designed  to  carry 
the  thrust  of  the  filling  in  addition  to  the  live  and  dead  load  on  one-half 
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of  the  span.  (For  methods  of  calculation  of  thrust  due  to  the  earth 
filling,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Eleva- 
tors.") Truss  leg  bridges  should  be  built  with  stiff  lower  chords 
designed  to  take  the  thrust  due  to  the  filling.  Leg  bridges,  unless  very 
carefully  designed  and  constructed,  are  not  to  be  recommended. 


u'i^jmmm'ji'jii'jtggH  ii%8*feoJM^ 
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Section  A-B.  Section  C-D  IbrtElevert-ion. 
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Fig.  143.    Beam  Bridge  with  Solid  Floor. 
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Fig.  144,    Ornamental  Beam  Bridge  with  Intermediate  Posts. 

LOW  TRUSS  BRIDGES.— Low  truss  highway  bridges  are  used 
for  spans  of  from  30  to  80  feet,  and  special  designs  to  about  100  feet. 
The  trusses  may  have  either  pin-connected  or  riveted  joints.     The 


RIVETED   LOW   TRUSS   BRIDGES. 


199 


trusses  may  have  either  half-hip,  as  in  Fig.  146,  or  full  slopes,  as  in 
Fig.  147,  and  may  be  either  of  the  Warren  type,  as  in  Fig.  146,  or  of 
the  Pratt  type,  as  in  Fig.  147.  Low  truss  highway  bridges  should 
always  be  made  with  riveted  connections  unless  great  care  is  used  i^  the 
design  of  pin-connected  bridges.  The  cost  is  practically  the  same  for 
the  two  types.  For  a  discussion  of  the  relative  advantages  and  disad- 
vantages of  riveted  and  pin-connected  highway  bridges,  see  Chapter  XX. 


Fig.  145.  'Beam  Leg  Bridge  with  Steel  Plate  Backing. 


Riveted  Low  Truss  Bridges. — Low  riveted  bridges  are  made  with 
either  Warren  or  Pratt  trusses,  the  Warren  truss  usually  being  pre- 
ferred. The  upper  chords  of  short  and  medium  length  spans  are 
usually  made  of  two  angles,  placed  back  to  back  as  in  Figs.  146  and 
147,  or  box-laced,  as  in  Fig.  148.  For  longer  spans  the  upper  chords 
may  be  made  of  two  angles  and  a  plate,  two  channels  laced,  or  two 
channels  with  a  top  cover  plate  and  lacing  on  the  bottom  side  of  the 
member.  The  lower  chords  and  the  web  members  are  made  of  two 
angles  placed  in  the  same  relative  positions  as  in  the  upper  chords. 

A  four-panel  Warren  truss  highway  bridge,  designed  by  the  Gillette- 
Herzog  Mfg.  Co.,  is  shown  in  Fig.  146.     The  chords  and  thediagonal 


SHORT    SPAN    STEEL    HIGHWAY    BRIDGES. 


RIVETED  LOW   TRUSS  BRIDGES. 


web  members  are  made  of  two  angles  placed  back  to  back,  forming  a 
T-section,  while  the  posts  are  made  of  two  angles  "  starred,"     The 
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floorbeams  are  riveted  below  the  lower  chord  and  are  rolled  I  beams. 
The  joists  are  carried  directly  on  the  tops  of  the  floorbeams  and  are 
composed  of  four  channels  and  four  I  beams  placed  as  shown.  The 
details  of  the  floor  are  clearly  shown.  The  lower  laterals  are  made  of 
single  angles  with  riveted  connections.  The  upper  chord  is  braced  at 
the  panel  points  with  angle  braces. 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the 
American  Bridge  Company,  is  shown  in  Fig.  147.  The  upper  and  the 
lower  chords  and  the  posts  are  made  of  two  angles  placed  back  to  back, 


rZU  Laced 


12^2^- 


£levaf!bn 


f 

'J 

■  '   f-3^ 

Jf 

-'  Sm 

■  S^BSE 

'i 

Ji- 

^5^6'Wheel  6uard 


^Fhor&eoi 


\tn 


SheffL-^ 
Half  Cross  5ecthn  -Jfeef  Johh 


Ha/f  Cr93S  3ecfton  -Timber  Joisf^ 
Fig.  148.    Low  Pratt  Riveted  Highway  Bridge.    (Pittsburg  Bridge  Company.) 

forming  a  T-section.  The  diagonals  are  single  angles  acting  in  ten- 
sion, only.  The  trusses  are  braced  by  bending  one  of  the  angles  of 
the  posts.  The  floorbeams  are  riveted  to  the  posts  above  the  lower 
V  chords,  and  are  rolled  I  beams.  The  joists  are  carried  on  shelf  angles 
riveted  to  the  webs  of  the  floorbeams  as  shown.  The  lower  lateral 
systems  are  made  of  single  angles  with  riveted  connections.  The 
American  Bridge  Company  also  builds  low  truss  bridges  of  other  types 
(see  Fig.  156). 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the  Pitts- 
burg Bridge  Co.,  is  shown  in  Fig.  148.     The  upper  chords  are  made  of 
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two  angles  laced,  the  posts  and  the  lower  chords  are  made  oi  two 
angles  fastened  together  with  tie  plates,  while  the  diagonal  members 
are  made  of  single  angles.     The  upper  chord  is  braced  at  the  panel 


Fig.    149.     Details  of   Low    Trlss   Riveted    Highway    Bkidgh.      (American 
Bridge  Company.) 

points  by  an  angle  brace  as  shown.  The  floorbeams  are  riveted  above 
the  lower  chords.  Steel  joists  are  carried  on  shelf  angles  riveted  to 
the  rolled  floorbeams, 'while  timber  joists  are  carried  on  a  timber  bolted 
to  the  floorbeams.     The  lower  laterals  are  single  angles. 

Details. — Details  of  a  riveted  low  truss  highway  bridge  with  the 
floorbeams  riveted  below  the  lower  chords,  as  designed  by  the  Amer- 
ican Bridge  Company,  are  shown  in  Fig.  149.     The  end  shoe  is  bolted 


3ax  Chord  Tee  Chord 


Fic.    15a     Details  of  Low   Tmss   Riveted  Highway    Bridge.      (American 
Bbidge  Company.) 

to  the  bridge  seat  by  means  of  anchor  bolts.  The  holes  in  the  bearing 
plates  of  the  shoes  should  be  slotted  at  one  end  to  permit  movement  , 
due  to  changes  in  temperature.     Sliding  plates  should  be  provided  on 
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floorbeams  are  riveted  below  the  lower  chord  and  are  rolled  I  beams. 
The  joists  are  carried  directly  on  the  tops  of  the  floorbeams  and  are 
composed  of  four  channels  and  four  I  beams  placed  as  shown.  The 
details  of  the  floor  are  clearly  shown.  The  lower  laterals  are  made  of 
single  angles  with  riveted  connections.  The  upper  chord  is  braced  at 
the  panel  points  with  angle  braces. 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the 
American  Bridge  Company,  is  shown  in  Fig.  147.  The  upper  and  the 
lower  chords  and  the  posts  are  made  of  two  angles  placed  back  to  back, 
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Fig.  148.    Low  Pratt  Riveted  Highway  Bridge.    (Pittsburg  Bridge  Company.) 

forming  a  T-section.  The  diagonals  are  single  angles  acting  in  ten- 
sion, only.  The  trusses  are  braced  by  bending  one  of  the  angles  of 
the  posts.  The  floorbeams  are  riveted  to  the  posts  above  the  lower 
chords,  and  are  rolled  I  beams.  The  joists  are  carried  on  shelf  angles 
riveted  to  the  webs  of  the  floorbeams  as  shown.  The  lower  lateral 
systems  are  made  of  single  angles  with  riveted  connections.  The 
American  Bridge  Company  also  builds  low  truss  bridges  of  other  types 
(see  Fig.  156). 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the  Pitts- 
burg Bridge  Co.,  is  shown  in  Fig.  148.     The  upper  chords  are  made  of 
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two  angles  laced,  the  posts  and  the  lower  chords  are  made  of  two 
angles  fastened  together  with  tie  plates,  while  the  diagonal  members  " 
are  made  of  single  angles.     The  upper  chord  is  braced  at  the  panel 


Fk;.    149.     Details  of   Low   Trcss   Riveted   Highway    Bridge.      (American 
Bridge  Company.) 

points  by  an  angle  brace  as  shown.  The  floorbeams  are  riveted  above 
the  lower  chords.  Steel  joists  are  carried  on  shelf  angles  riveted  to 
the  rolled  floorbeams, 'while  timber  joists  are  carried  on  a  timber  bolted 
to  the  floorbeams.     The  lower  laterals  are  single  angles. 

Details. — Details  of  a  riveted  low  truss  highway  bridge  with  the 
floorbeams  riveted  below  the  lower  chords,  as  designed  by  the  Amer- 
ican Bridge  Company,  are  shown  in  Fig.  149.     The  end  shoe  is  bolted 


Fia    isa     Details  of  Low  Truss  Riveted  Highway    Bridge.      (American 
Bridge  Company,) 

to  the  bridge  seat  by  means  of  anchor  bolts.  The  holes  in  the  bearing 
plates  of  the  shoes  should  be  slotted  at  one  end  to  permit  movement  , 
due  to  changes  in  temperature.     Sliding  plates  should  be  provided  on 
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the  expansion  end;  the  surfaces  of  the  bearing  and  sliding  plates  in 
contact  being  planed. 

Details  of  riveted  low  truss  highway  bridges  with  box-  and  with 
tee-chords,  and  with  floorbeams  riveted  below  the  lower  chords,  as 
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Fig.  151. 


Details  op  Low  Truss  Riveted  Highway  Bridge. 

Bridge  Company.) 


(American 


designed  by  the  American  Bridge  Company,  are  shown  in  Fig.  150. 
Details  of  a  riveted  low  truss  highway  bridge  with  box-chords  and 
with  suspended  floorbeams  are  shown  in  Fig.  151.     It  will  be  noted 


^aear3kiewafk  ->IH 
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Fig.  152.    Details  of  Low  Truss  Riveted  Highway  Bbidge  with  Sidewalk. 

(American  Bridge  Company.) 

that  no  side  braces  are  provided  in  this  design.  The  same  method 
of  suspending  the  floorbeams  is  shown  in  Fig.  152  for  a  low  truss 
bridge  with  sidewalks.  Where  side  braces  are  not  used  the  posts 
should  be  made  wider  than  where  braces  are  used. 

A  riveted  low  truss  highway  bridge,  as  designed  for  Portage  County, 
Ohio,  is  shown  in  Figs.  153  and  154.     The  chords  are  made  of  two 
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channels  laced.     The  floorbeams  are  built-up  plate  girders  and  are  sus- 
pended below  the  lower  chords.     The  joists  and  the  floor  are  made  of 


Fig.  153,    Elevation  of  Riveted  Highway  Bridge,  foRTACE  County,  Oi 


I 


Fig,  154-    Section  of  Riveted  Highway  Bridge,  Portage  County,  Ohio. 
reinforced  concrete.     This  bridge  was  designed  by  the  Osborn  Engi- 
neering Company,  and  is  described  in  Engineering  Record,  April  25, 
1903. 
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The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord 
shown  in  Figs.   155  to  157,  is  built  by  the  American  Bridge  Com- 


Fic.  135.     Low  Tbuss  Riveted  Highway  Bridge  with  Incuned  Chords. 
(Americah  Bridge  Co.) 


Fic.  156.    Low  Trvss  Riveted  Highway  Bridge  with  Inclined  Chords.  End 
View.     (American  Bridge  Co.) 

pany  for  locations  requiring  an  artistic  and  serviceable  bridge  at  a 

moderate  cost.     This  bridge  has  been  built  with  six  panels  and  with 
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spans  of  90,  96  and  102  feet.  The  bridge  in  Fig.  157  has  a  20-ft. 
roadway  and  was  designed  for  a  dead  !oad  of  930  lbs.  per  lineal  foot 
of  bridge,  and  a  Hve  load  of  2400  lbs.  per  lineal  foot  of  bridge.  The 
total  weight  of  the  steel  in  this  bridge,  exclusive  of  joists  and  fence  is, 
approximately,  57,000  lbs.  The  floorbeams  are  rolled  I  beams  and  are 
riveted  below  the  chords.  The  top  chords  are  made  of  two  channels 
with  a  top  cover  plate,  the  lower  edges  of  the  channels  being  fastened 
together  with  tie  plates — lacing  is  much  better  practice.  The  bottom 
chord  is  composed  of  two  angles,  with  tie  plates — tie  plates  are  all  right 
for  this  member.  The  web  members  are  made  of  2  or  4  angles  laced, 
as  shown.     Rods,  not  shown,  are  used  for  the  lower  lateral  system, 

Pit»-connected  Low  Truss  Bridges. — Pin-connected  low  truss 
highway  bridges  are  commonly  built  of  the  Pratt  type,  with  either 
half-hip  or  full  slope  end-posts.  The  upper  chords  of  pin-connected 
low  truss  highway  bridges  are  made  of  two  channels  and  a  top  cover 
plate,  or  of  two  channels  laced ;  the  posts  are  usually  made  of  four 


fi 


Fig.  138.  Low  Pratt  Full  Slope  Pin-connectedHighwayBrtoce.    (Akemcak 
Bridge  Company.) 

angles  laced  or  battened;  while  the  tension  members  are  made  of  rods 
or  eye-bars.  The  posts  and  the  chords  should  be  made  very  wide 
and  should  be  securely  fastened  to  the  floorbeams,  or  side  braces 
should  be  used.  The  details  of  the  American  Bridge  Company's 
full  slope,  low  truss  Pratt  highway  bridge  with  the  floorbeams  riveted 
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below  the  lower  chords  are  shown  in  Fig.  158.     Rolled  beams  are  used 
for  floorbeams,  while  the  lower  laterals  are  made  of  rods  with  screw 
'  ends. 

The  principal  objection  to  pin-connected  low  truss  bridges  is  that 
the  vertical  trusses  are  usually  not  sufficiently  braced,  and  lack  lateral 
stability.  The  "  fish-bellied  "  truss  bridge  shown  in  Fig.  159  with  the 
V  floorbeams  riveted  above  the  lower  chords,  is  a  decided  improvement 
upon  the  usual  type  of  low  truss  bridge.  This  bridge  is  very  rigid  and 
makes  a  very  satisfactory  structure.  In  Fig.  159  the  lower  chord  pins, 
beginning  with  the  left  end,  are  called  L^,  L^,  Lg,  etc.,  while  the  upper 
chord  pins  are  called  f/^,  U2,  etc.,  as  shown.  The  top  chords  and  end- 
posts  are  made  of  two  channels  and  a  top  cover  plate,  with  tie  plates 
on  the  bottom  of  the  member.  The  posts  are  made  of  four  angles; 
eye-bars  are  used  for  the  lower  chords  and  main  diagonals,  while  rods 
are  used  for  the  main  ties  and  the  diagonals  in  the  middle  panels.  The 
joists  are  carried  directly  on  the  tops  of  the  floorbeams. 

Temperature  Changes. — The  expansion  ends  of  low  truss  bridges 
^  should  be  placed  on  sliding  plates.     Rollers  are  not  commonly  used  for 
low  truss  highway  bridges. 

Weight  of  Low  Truss  Bridges. — The  weights  of  low  truss  high- 
way bridges  are  given  in  Chapter  II. 

Length  of  Span. — The  American  Bridge  Company's  standards 
include  the  following  lengths  of  span  for  the  different  types  of  low 
truss  bridges : 

TABLE  XIII. 
Lx)w  Truss  Spans  Used  by  American  Bridge  Company. 

Type  of  Truss.  Span  in  Feet. 

Low  Warren  riveted  truss  with  parallel  chords,  box-section 30  to  85 

Low  Warren  riveted  trusses  with  inclined  chords goto  102 

Low  Warren  riveted  trusses  with  parallel  chords,  T-section 36  to  75 

Low  Pratt  riveted  truss,  box-chord 30  to  90 

Low  Pratt  riveted  truss,  T-section 36  to  60 

Low  Pratt  full-slope  pin-connected  trusses 36  to  90 

Low  half-hip  pin-connected  trusses ^6  to  56 
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The  Gillette-Herzog  Mfg.  Company's  standards  for  riveted  Warren 

r 

low  truss  bridges  include  spans  from  32  to  75  feet.     The  economical 
limit  for  low  truss  spans  is  at  75  or  80  feet. 

Depth  of  Truss. — The  American  Bridge  Company's  standards  for 
low  truss  bridges  include  the  following  : 


TABLE  XIV. 
Depths  of  Low  Trusses  Used  by  American  Bridge  Company. 

Riveted  Trusses. 


Span,  Fbbt. 

Numbbr  op  Panels. 

Ratio  op  Depth  to  Panel 
Length. 

30  to  33 

2 

0.30 

36  to  45 

3 

0-35 

48  to  60 

4 

040 

65  to  85 

5 

0.50 

90  to  102 

6 

0.30, 

,  0.525,  and  0.60 

PlN-CONNKCTED  PrATT  TRUSSES. 

Span,  Fbbt. 

NUMBBR  OP    PaNBLS. 

Ratio  op  Depth  to 

Depth.    Feet. 

Panbl  Length. 

36 

3 

0.50 

6.0 

39 

3 

0.46 

6.0 

42 

3 

0.4285 

6.0 

45 

3 

0.40 

6.0 

48 

4 

0.50 

6.0 

52 

4 

0.4615 

6.0 

56 

4 

0.50 

7.0 

60 

4 

0.50 

7.5 

64 

4 

0.50 

8.0 

65 

5 

0.60 

8.8 

70 

5 

0.60 

8.4 

75 

5 

0.60 

9.0 

80 

5 

0.60 

8.5 

84                 1                  5                                 0.70 

9.8 

90                                   6                                 0.70 

10.5 

CHAPTER   XI. 

High  Truss  Steel  Highway  Bridges. 

Introduction. — The  different  types  of  trusses  in  use  for  high  truss 
bridges  are  described  in  Chapter  I.  Through  truss  bridges  with  spans 
of  from  80  to  170  feet  span  are  built  with  parallel  chords  and  with 
either  pin-connected  or  riveted  joints.  For  spans  of  from  160  to  220 
feet,  bridges  are  usually  built  of  the  Pratt  type  with  inclined  upper 
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Fig.  160.    Through  Riveted  Pratt  Electric  Railway  Bridge. 


chords  (Camel-back)  trusses.  Above  220  feet,  bridges  are  usually 
built  with  the  Petit  type  of  truss.  The  above  limits  are  approximate 
only.  High  truss  pin-connected  bridges  should  never  be  built  with  less 
than  five  panels. 
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Types  of  bridges  adopted  in  the  American  Bridge  Company's  stan- 
dards are  as  follows : 


Pratt,  pin-connected  trusses, 

Pratt,  riveted  trusses, 

Warren,  quadrangular,  riveted  trusses. 

Inclined  chord  Pratt  (Camel-back),  pin-connected 


80  to  1 68- ft.  span. 
80  to  1 68- ft.  span. 
80  to  1 52- ft.  span. 


trusses. 
Petit  trusses,  pin-connected. 


168  to  220-ft  span. 
220- ft.  span  and  over. 


y  cmtfhd.       ~^ 


tS*^*4'^ 


i|iiimiiL_ 


fLot¥9t  LofHral. 


^..jmifs\ 


Half  Cross- Section 

TMCaO-«M 


fhorbtafn 
Conotefioh. 


Typical     Panel    ond    Ppincipol  Members 

Fig.  161.    Through  Riveted  Pratt  Electric  Railway  Bridge. 

The  Gillette-Herzog  Mfg.  Company's  standards  inclutled  Pratt  pin- 
connected  trusses  from  80  to  170  ft.,  Camel-back  or  Parker  trusses, 
from  about  170  to  about  200  ft.,  above  this  span  Petit  trusses  were 
used.  For  a  discussion  of  the  relative  advantages  and  disadvantages 
of  riveted  and  pin-connected  highway  bridges,  see  Chapter  XX. 
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RIVETED  BRIDGES.— A  120-ft.  span  riveted  Pratt  electric 
railway  bridge  is  shown  in  Fig.  160  and  Fig.  161.  The  end-posts  and 
upper  chords  are  made  of  two  channels  and  a  top  cover  plate,  the  ver- 
tical posts  and  the  lower  chords  are  made  of  four  angles,  laced,  while 
the  diagonals  are  made  of  angles.  It  will  be  seen  that  all  angles  are 
fastened  bj'  both  legs.  The  expansion  end  of  the  bridge  is  carried  on 
two  nests  of  rollers.     The  floorbeams  are  2o"@65  lb,  I  beams,  while 


Fia  164.    A  Riveted  Pratt  Through  Hichway  Bridge  with  Sidewalks,  Over 
Illinois  and  Mississippi  Canal. 

the  stringers  are   15"  ©42  lb.  I  beams  with  riveted  connections  as 
shown. 

The  detail  shop  plans  of  a  iii-ft.  6-in.  span  riveted  Pratt  truss 
highway  bridge,  as  built  for  the  U.  S,  Government  by  the  Chicago 
Bridge  and  Iron  Co.,  CJiicago,  111.,  are  shown  in  Fig.  162  and  Fig.  163. 
The  top  chords,  the  end-posts  and  the  intermediate  posts  are  made  of 
two  channels  laced  on  both  sides,  while  the  bottom  chords,  hip  verticals 
and  diagonal  ties  are  made  of  two  angles  fastened  together  with  tie 
plates.  The  floorbeams  are  iS"  @  55  lb.  I  beams  and  are  riveted  below 
the  lower  chords.     The  joists  are  carried  by  connection  angles  riveted 
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to  the  webs  of  the  floorbeams.  The  portals  and  the  sway  struts  are 
matle  of  angles.  The  top  and  bottom  laterals  are  made  of  adjustable 
rods.  The  expansion  end  of  the  bridge  is  carried  on  two  nests  of 
expansion  rollers,  each  nest  being  composed  of  four  3I"  rollers.  The 
floor  covering  is  composed  of  a  bottom  layer  of  2"  X  8"  pine  plank 


Fig.  165.    End  View  of  the  Riveted  Pratt  Through  Highway  Bridge  Shown 

laid  transversely  and  spiked  to  3"  X  5"  spiking  strips  that  are  bolted 
to  the  tops  of  the  joists,  and  a  top  layer  of  3"  X  8"  oak,  laid  diagonally. 
The  6"X8"  pine  felloe  (wheel)  guard  has  its  edge  protected  by  a 
3"X3"Xi"  angle.  The  detailed  estimate  of  the  weight  of  this 
bridge  is  given  in  Table  I.  The  per  cent  of  details  in  this  bridge  is 
quite  high,  due  to  the  fact  that  the  end-posts  and  the  top  chords  are 
made  of  two  channels,  laced.  Views  of  a  riveted  Pratt  highway  bridge, 
a  duplicate  of  the  bridge  described  above  except  that  it  has  two  side- 
walks is  shown  in  Figs,  164  and  165. 
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The  details  of  a  9S-ft.  span  quadrangular  Warren  truss  highway 
bridge  are  given  in  Fig.  i66.  The  main  members  are  made  of  two 
angles,  while  the  minor  members  are  made  of  single  angles.  The 
floorbeams  are  made  of  rolled  I  beams  and  are  riveted  below  the  chords. 
The  joists  are  carried  directly  on  the  tops  of  the  floorbeams.  The  top 
and  bottom  laterals  are  made  of  single  angles  with  riveted  connections. 
The  top  lateral  struts  are  made  of  two  angles  placed  back  to  back, 
while  the  portals  are  made  of  angles.  The  bridge  is  carried  on  four 
steel  tubular  piers  30  inches  in  diameter,  with  three  piles  driven  in  each 
tube,  the  piles  being  sawed  off  below  the  water  line  and  the  tube  filled 
with  Portland  cement  concrete.  Complete  shop  drawings  of  the  tubular 
steel  piers  are  shown.  Sliding  plates  were  provided  for  the  expansion 
end  of  the  bridge  in  the  place  of  roller  nests,  as  is  the  usual  custom 
for  spans  of  more  than  70  to  80  feet.  The  complete  shop  and  erection 
drawings  are  shown,  making  it  possible  to  study  the  details. 

PIN-CONNECTED  HIGHWAY  BRIDGES.— The  detail  shop 
drawings  of  a  i6o-ft.  span  pin-connected  Pratt  truss  highway  bridge 
are  shown  in  Fig.  285.  The  weight  of  this  bridge  and  the  efficiencies 
of  the  individual  members  are  calculated  in  Part  III. 

The  details"  of  a  3 19- ft.  span  pin-connected  Petit  truss  highway 
bridge  with  a  20-ft.  roadway  and  2-6  ft.  sidewalks  are  shown  in  Fig. 
167.  This  bridge  was  designed  as  a  Cooper's  Class  B,  Specifications 
1890.  The  end-posts  and  the  upper  chords  are  made  of  two  15" 
channels  and  one  22"  X  I"  cover  plate.  The  vertical  posts  are  made 
of  two  channels  laced.  The  horizontal  and  vertical  4-angle  struts  are 
used  to  shorten  the  lengths  of  the  posts  and  top  chord.  The  lower 
chords  and  the  diagonals  are  made  of  eye-bars.  The  floorbeams  (not 
shown)  are  built-up  plate  girders  24  inches  deep.  The  flanges  are 
made  of  two  5"  X  3"  X  f "  angles,  while  the  web  is  f  inches  thick. 
The  joists  are  9"@2i  lb.  I  beams  for  the  main  roadway,  and  8"  Is 
and  [s  for  the  6- ft.  sidewalk. 

The  stress  diagram  for  a  406-ft.  span  pin-connected  Petit  truss 
highway  bridge  is  shown  in  Fig.  168,  while  the  detail  drawings  are 
shown  in  Fig.  169a  and  Fig.  169&.     The  end-posts  and  top  chords  are 
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made  of  four  angles  and  three  plates,  two  plates  on  the  sides  and  one 
plate  on  the  top.  The  vertical  posts  are  made  of  two  channels  laced, 
while  the  lower  chords  and  the  diagonals  are  made  of  eye-bars.  The 
top  and  bottom  laterals  and  the  sway  diagonals  are  made  of  adjustable 
rods.  The  floorbeams  are  built-up  plate  girders  and  are  placed  above 
the  lower  chords.  The  joists  are  20"  I  beams  carried  on  shelf  angles 
riveted  to  the  webs  of  the  floorbeams  as  shown.  The  floor  is  composed 
of  buckle  plates  covered  with  2 J  in.  of  concrete,  a  one-inch  layer  of 
sand  and  a  layer  of  3"  asphalt  blocks.  The  details  of  the  buckle  plates 
are  shown  in  Fig.  189.  The  sidewalk  floor  is  made  of  2  in.  of  concrete 
carried  on  a  plank  floor,  as  shown  in  Fig.  188.  The  expansion  end  of 
the  bridge  is  carried  on  two  nests  of  expansion  rollers  as  shown  in 

Fig-  195- 

Economic  Depth  and  Panel  Length  of  Trusses. — The  economic 
depth  and  panel  length  of  trusses  is  not  capable  of  mathematical  calcu- 
lation. The  minimum  depth  is  determined  by  the  required  clear  head 
room,  which  varies  from  12J  to  15  feet.  Short  panel  lengths  give 
heavy  trusses  and  light  floor  systems;  while  long  panels  give  light 
trusses  and  heavy  floor  systems.  For  ordinary  conditions  it  is  not 
economical  to  use  panel  lengths  less  than  15  feet  for  short  spans  nor 
more  than  25  feet  for  long  spans.  The  minimum  depth  for  through 
spans  is  about  16  feet  where  the  floorbeams  are  placed  below  the  lower 
chords.  To  make  a  stiff  structure,  the  depth  should  be  sufficient  to 
have  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient 
portal  and  sway  bracing.  Experience  has  shown  that  the  most  oco- 
nomical  conditions  occur  when  the  angle  Oy  the  tangent  of  which  is  the 
panel  length  divided  by  the  depth,  is  40  degrees.  The  top  chord  points 
of  bridges  with  inclined  chords  should  be  approximately  on  a  parabola 
passing  through  the  pin  at  the  hip. 

The  American  Bridge  Company  uses  the  depths  and  panel  lengths 
in  its  highway  bridge  standards  as  given  in  Table  XV. 
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TABLE  XV. 

Depths  and  Panel  Lengths  of  Through  Highway  Bridges  Used  by  American 

Bridge  Company. 


Ttpb  op  Truss. 


Pratt,   riveted  and    pin- 
connected. 


Qnadrangular,  Warren 
riveted. 


Camel -back,  pin-con* 
nected. 

Petit,  pin-connected. 


Span, 

Fbbt. 

80  to    90 

96 

to  126 

133 

to  147 

152 

to  168 

80  to    90 

90 

to  114 

119 

to  133 

135 

to  152 

162  to  180 

190 

to  220 

240 

to  276 

294 

to  322 

numbbkop 
Pambls. 

Ratio  op  Dbpth  to 
Panbl  Lbmgth. 

5 
6 

1.0 
1.0 

7 
8 

1.0 
I.I 

5 
6 

1.0 
1.0 

7 
8 

1.0 
I.I 

9 
10 

1.0, 
1.0, 

I.159»  I  25,  1.29 
1.238,  1.28,  1.43 

12 

14 

1.0, 
1.0, 

i.397»  i-555»  1.714 
1.36,  1.60,  1.84,  2.00 

TABLE  XVL 

Depths  and  Panel  Lengths  of  Through  Highway  Bridges  Used  by  the 

Gillette-Herzog  Mfg.  Co. 


Typb  of  Truss. 


Span,  Feet. 


numbbr  op 
Panbls. 


Ratio  op  Dbpth  to 
Panel  Length. 


Pratt,  pin-connected. 

80  to  90 

5 

1.0 

96  to  120 

6 

I.I 

1X2  to  140 

128  to  160 

7 
8 

1.2     to  I.I 

1.35  to  1.3 

144  to  162 

9 

1.5    to  1.45 

Cam  el -back,  pin-con- 
nected. 

171 
180 
180 

9 

9 

10 

I.I,  1.3.  1-5 

1.0,  1.2,  1.4 

1.1,  1.28,   146,  1.64 

190  to  200 

10 

1.05,  1.24,  I43i  1-62 

Petit,  pin-oonnected. 

200 

ID 

1.05,  1.24,  1.43,  1.62 

204 

216  to  228 

12 
12 

1.4,  1.6,  1.75,  1.9 
1.2,  1.55,  1.78,  1.9 

240 
280 

12 
14 

1.05,  i.5i  i.7»  1.9 

1.05,  1.5,  1.69,  1.88,  1.94, 

2.0 

CHAPTER  XII. 

Plate  Girder  Bridges. 

Introduction. — A  plate  girder  consists  of  a  vertical  steel  or  iron 
web  plate  to  whose  top  and  bottom  edges  are  riveted  horizontal  pairs 
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Fig.  170.    Ratlw 


,■  Deck  Plate  Giroeh  Bkcuce. 


of  angles  to  form  flanges,  and  to  whose  ends  are  attached  vertical 
angles  which  transmit  the  load  to  the  supports.  Where  the  web  plate 
is  thin  as  compared  with  its  depth,  stiffener  angles  are  riveted  on  oppo- 
site sides  of  the  web,  usually  in  pairs,  at  intervals  not  greater  than 
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the  depth  of  the  girder,  or  five  feet.  Where  the  span  is  long,  two  or 
more  plates  are  spliced  together  to  form  the  web  plates  and  horizontal 
plates  are  riveted  to  the  flange  angles  to  increase  the  flange  area. 

A  plate  girder  bridge  consists  of  two  or  more,  usually  two,  plate 
girders  fastened  together  by  lateral  bracing,  and  in  the  case  of  deck 
bridges  by  transverse  bracing  consisting  of  two  or  more  cross- frames. 
In  the  railway  deck  plate  girder  bridge.  Fig.  170,  the  roadway  is  carried 


Fic.  171,    Railway  Through  Plate  Girder  Bridge. 

directly  on  the  tops  of  the  girders.  In  a  through  plate  girder  bridge 
the  roadway  is  carried  on  a  floof  system  supported  near  the  bottoms 
of  the  plate  girders.  A  through  plate  girder  railroad  bridge  is  shown 
in  Fig.  171,  while  a  through  plate  girder  highway  bridge  is  shown  in 
Fig.  172,  As  a  through  plate  girder  bridge  can  have  only  a  lower 
lateral  system,  the  upper  flanges  are  braced  by  side  braces  with  gusset 
plate  connections. 

Short  spans  up  to  70  or  80  feet  have  one  end  fixed  while  the  other 
enjl  is  allowed  to  move  on  a  sliding  plate.  For  greater  lengths  of  span 
the  expansion  end  is  supported  on  nests  of  rollers. 
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The  ordinary  limit  of  plate  girder  spans  is  about  loo  feet,  although 
railroad  plate  girders  having  a  span  of  126  feet  have  been  built.  Plate 
girders  of  more  than  100  feet  span  have  a  depth  that  makes  transpor- 
tation by  rail  very  difficult. 


Fig.  172.    Highway  Through  Plate  Girder  Bridge  with  Solid  Floor.    (Auex- 
iCAN  Bkioge  Company.) 

Thidmess  of  Web. — Standard  specifications  limit  the  minimum 
thickness  of  the  web  plates  to  f  inch  for  railroad  bridges  and  ^  inch 
for  highway  bridges.  For  heavy  loads  and  long  spans  the  web  plates 
are  made  much  thicker  than  the  minimum  thickness.  Thin  webs 
require  more  stiffeners  and  give  a  much  shorter  life  to  the  bridge. 
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Flanges. — The  simplest  form  of  a  flange  consists  of  a  pair  of 
unequal-legged  angles  with  the  long  legs  placed  out  and  riveted  to  the 
web  plate.  When  additional  rivets  are  required  in  the  connection  of 
the  flanges  to  the  web  plate,  equal-legged  angles  with  two  rows  of 
rivets  are  used.  When  additional  area  is  required,  one  or  more  cover 
plates  are  usually  riveted  to  the  horizontal  legs  of  the  angles.  The 
thickness  of  the  flanges  should  be  limited  so  that  the  rivets  will  not 
be  longer  than  five  times  the  diameter  of  the  rivet.  Flange  angles 
should  never  be  thinner  than  the  web  plates  to  which  they  are  fastened. 
Where  more  than  one  plate  is  used,  one  plate  should  extend  the  full 
length  of  the  girder,  the  others  being  continued  a  short  distance  (not 
less  than  one  foot)  beyond  the  point  where  the  area  is  required.  For 
steam  or  electric  railway  plate  girder  bridges  the  rivet  heads  and  the 
variation  in  the  thickness  of  the  flange  plates  makes  it  necessary  to 
notch  the  cross-ties  unequally,  so  that  other  forms  of  flange  are  some- 
times used  for  the  upper  flanges  of  long  girders.  It  is  quite  the  com- 
mon practice  to  design  the  tension,  or  bottom,  flange  to  take  the  stresses 
and  then  make  the  compression,  or  upper,  flange  with  the  same  gross 
area. 

Moments  and  Shears. — The  moments  and  the  shears  in  through 
plate  girder  bridges,  as  in  Fig.  171  and  Fig.  172,  are  found  in  the  panels 
in  the  same  manner  as  for  a  truss.  In  a  deck  bridge  the  moments  and 
the  shears  are  calculated  in  a  similar  manner,  at  intervals.  The  load 
on  the  girder  produces  shearing  stresses  in  the  girder,  which  in  turn 
develop  tensile  and  compressive  stresses.  In  a  soHd  rolled  beam  the 
entire  section  carries  both  shear  and  bending  moment.  In  plate  girders 
it  is  usual  to  assume  that  all  the  shear  is  carried  by  the  web  and  that 
all  the  bending  moment  is  taken  by  the  flanges.  The  actual  distribution 
of  the  moments  and  shears  is  about  as  follows : 

Let  F  =  the  area  of  one  flange,  not  including  the  included  web 
.  plate ; 
/fr=  height  of  girder  between  centers  of  gravity  of  the  flanges 
in  inches; 
16 
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t  =  thickness  of  the  web  plate  in  inches ; 
/  =  allowable  stress  in  flanges  in  lbs.  per  sq.  in.; 
A  =  t'h  =  dLTe2L  of  web  plate  in  square  inches. 

Then  the  total  resisting  moment  of  the  girder  is 

M  =  F'f'h+f't'hy6  (80) 

=  F'f-h  +  Ai-h/6  (81) 

=  (F  +  A/6)fh  (82) 

This  shows  that  approximately  one-sixth  of  the  web  is  available  as 
flange  area.  On  account  of  the  reduction  of  the  area  due  to  rivet 
holes,  one-eighth  of  the  area  of  the  web  is  commonly  taken  as  available 
as  flange  area  wherever  this  method  is  used. 

Flange  Area. — Assuming  that  all  the  bending  moment  is  carried  by 
the  flanges,  we  have  from  (a)  Fig.  173 

M  =  F-h'f  (83) 

where  M  is  the  bending  moment  in  inch-pounds,  F  is  the  net  area  of 
the  tension  flange  in  square  inches,  /  is  the  allowable  unit  stress  in 
pounds,  and  h  is  the  distance  between  centers  of.gravity  of  the  flanges. 

If  one-eighth  of  the  web  area  is  considered  available  as  flange  area, 
we  have 

M={F  +  A/&)hi  (84) 

The  rivet  holes  are  to  be  deducted  from  the  tension  flange  in  calcu- 
lating the  net  area.  In  calculating  the  net  section  of  riveted  tension 
members  the  holes  should  be  taken  as  \  inch  larger  than  the  nominal 
size  of  the  rivet.  The  compression  flange  is  made  with  the  same  gross 
area  as  the  tension  flange. 

Rivets  in  Flanges. — The  loads  produce  shearing  stresses  in  the 
web,  which  are  transferred  to  the  flanges  by  means  of  the  rivets  in  the 
flanges.  In  (c)  Fig.  173,  Xttp  be  the  pitch  of  the  flange  rivets,  5*  be 
the  vertical  shear  on  the  section,  h  be  the  distance  between  lines  of 
rivets,  and  r  be  the  allowable  resistance  of  one  rivet  in  pounds ;  then 
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<e) 


taking  moments  about  the  lower  right-hand  rivet  we  have,  where  the 
flanges  carry  all  the  bending  moment 


Sp  =  rh,  or  p  =  r'h/S 


(85) 


If  one-eighth  of  the  web  area  is  considered  as  available  as  flange 
area,  the  proportion  of  the  shear  producing  flange  stress  will  be 


5'  =  S-, 


F+A/8 


,sindp  =  r-A/S'  =  —-^r-A/S 


(86) 


where  F  is  the  net  area  of  one  flange  and  A  is  the  area  of  the  web 
as  before. 

Rivets  in  Flanges  Carrying  Concentrated  Loads. — In  (e)  Fig. 
173  the  rivets  carry  a  shear  due  to  the  load  P,  in  addition  to  the  shear 
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due  to  the  bending  moment.  If  the  rail  distributes  the  load  over  a 
distance  d,  usually  taken  as  the  space  covered  by  three  ties  or  42  inches, 
then  the  load  per  lineal  inch  will  be  w  =  P/d,  and  the  vertical  shearing 
stress  on  each  rivet  will  be 


and 


r^V{p"wy  +  {S'/>//i) 


/  = 


t 


l/w*  +  {SJA)* 


(87) 


If  the  web  is  assumed  to  resist  one-eighth  of  the  bending  moment, 
substitute  S'  as  given  in  (86)  for  S"  in  (87). 

Web  Splice. — In  Fig.  174  if  the  flanges  are  assumed  to  take  all  of 
the  bending  moment  and  the  web  plate  to  take  all  of  the  shear,  the 
rivets  on  one  side  of  the  splice  will  take  the  shearing  stress  on  the  sec- 
tion, and  in  addition  will  have  a  shearing  stress  due  to  the  moment 
Af' =  5*  times  the  distance  between  the  centers  of  gravity  of  the  rivets 
on  each  side.  The  latter  stress  is  usually  very  small  and  may  ordi- 
narily  be  neglected.  If  r  is  the  stress  on  one  rivet,  2n  the  number  of 
rivets  on  one  side,  and  5  the  vertical  shear,  then 


r  ==  S/2n 


(88) 
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FiG.  174. 

If  the  web  is  assumed  to  carry  one-eighth  of  the  bending  moment 
in  addition  to  the  shear,  the  rivets  will  in  addition  resist  this  bending 
moment  with  lever  arms  d^,  d^^  etc..  Fig.  174.     The  stresses  due  to  this 
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moment  will  vary  as  the  distance  of  the  rivet  from  the  neutral  axis, 
while  the  resistance  of  the  rivet  will  vary  as  the  square  of  the  distance 
from  the  netral  axis.     Now  if  a  is  the  stress  on  a  rivet  due  to  bending 


Fig.  175. 

at  a  unit's  distance  from  the  neutral  axis,  the  stress  at  a  distance 
dj  will  be  a-di ;  at  a  distance  do  will  be  adz]  ^^c.  The  total  resistance 
of  the  rivets  on  one  side  of  the  splice  will  be  2a(di^  +  ^2^  + dg^--- 
-|-rf„2^  _-  ]^f^  where  M'  is  one-eighth  of  the  total  bending  moment. 

Having  calculated  a,  the  horizontal  shear  on  the  rivet  at  a  distance 
di  from  the  neutral  axis  is  rm=0'd^,  and  the  total  shear  on  the  rivet 
will  be 

r=Vr7"+^*  (89) 

Where  the  splice  plates  are  designed  to  transfer  thfe  bending  moment 
as  well  as  the  shear,  the  splice  shown  in  Fig.  175  is  sometimes  used. 
Plates  AB  and  A'B'  are  assumed  to  transfer  all  the  bending  moment, 
and  plate  CD  to  transfer  all  the  shear. 

Flange  Splices. — The  flange  angles  are  spliced  with  short  pieces  of 
angles.  Both  flange  angles  should  not  be  spliced  at  the  same  point,  but 
the  splices  should  be  separated  by  several  feet. 
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Design  of  Web  Stiffeners. — Web  stiffeners  are  used  to  prevent  the 
buckling  of  the  web  plate,  and  are  usually  spaced  somewhat  less  than 
the  depth  of  the  girder.  There  is  no  rational  method  for  the  design  of 
stiffener  angles.  Tests  show  that  the  stiffener  acts  as  a  beam  to  pre- 
vent buckling  of  the  web  and  is  not  appreciably  stressed  in  the  direction 
of  its  length,  except  where  it  is  used  at  points  of  concentrated  loading. 
A  common  specification  is  that  "  Stiffeners  shall  be  used  at  distances 
not  greater  than  the  depth  of  the  girder  or  five  feet,  where  the  actual 
shearing  stress  is  greater  than  given  by  the  formula — allowable  shear- 
ing stress  =  12,500  —  90//,  where  H  is  the  ratio  of  the  depth  to  the 
thickness  of  the  web  plate.  Where  stiffeners  are  required  they  shall 
be  designed  as  columns  with  an  allowable  unit  stress  of  P=  12,000 
—  55//r,  where  /  =  the  length  and  r  =  the  radius  of  gyration  of  the 
stiffener  angles  at  right  angles  to  the  web  plate,  both  in  inches."  "  Stif- 
feners shall  be  provided  at  all  points  of  concentrated  loading,  and 
shall  contain  enough  rivets  to  transfer  the  vertical  shear  to  the  web 
plate." 

Camber. — Plate  girders  are  cambered  by  separating  the  web  plates 
by  the  required  amount  in  the  upper  part  of  the  web  splice.  Plate 
girders  in  which  a  single  web  plate  is  used  without  a  splice  cannot  be 
cambered.     Many  engineers  do  not  camber  plate  girders. 

Economical  Depth. — Plate  girders  are  commonly  made  with  a 
depth  of  from  ^  to  ^  of  the  span.  An  approximate  empirical  rule  for 
the  depth  is  to  make  the  area  of  the  two  flanges  equal  to  the  area 
of  the  web  plate. 

Example  of  Calculation. — The  maximum  shears  and  moments  in 
an  86-foot  span  deck  plate  girder  railway  bridge  are  shown  in  Fig.  176. 
The  shear  at  any  point  may  be  found  by  scaling  from  the  shear  curve 
to  the  horizontal  base  line,  while  the  moments  may  be  obtained. by 
scaling  from  the  moment  curve  to  the  base  line.  The  composition  of 
the  flanges  and  the  lengths  of  the  plates  are  shown.  The  maximum 
shears  and  bending  moments  were  calculated  at  intervals  of  about  7 
feet,  and  the  curves  were  drawn  through  these  points. 
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Details  of  Plate  Girders. — The  general  plans  for  an  8o-foot  through 
plate  girder  highway  bridge  are  shown  in  Fig,  172.  The  roadway  is 
20  feet  in  the  clear,  with  two  frj-ft.  sidewalks.  The  floor  of  the  road- 
way consists  of  6  inches  of  reinforced  concrete  carried  on  12-inch  I 
beam  joists,  covered  with  a  wearing  surface  of  paving  brick. 


Cmifivint 
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Fig.  176.    Shears  akd  Moments  in  a  Railway  Plate  Girdeil 

The  detailed  shop  plans  of  a  65-ft.  deck  plate  girder  electric  rail- 
way bridge  are  shown  in  Fig.  177.  This  girder  span  was  designed 
according  to  Cooper's  1901  Specifications  for  E,  loading.  The  ties 
were  carried  directly  on  the  top  flanges  of  the  girders.  These  details 
represent  good  practice  in  light  plate  girder  construction.  It  will  be 
noted  that  the  stiffener  angles  are  crimped  to  go  over  the  flange  angles 
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except  where  two  hitch  stiffener  angles  are  used  for  cross-frame  con- 
nections, in  which  case  fillers  are  used.  The  ties  were  fastened  to  the 
upper  flange  angles  by  means  of  hook  bolts  in  every  third  tie,  while 
the  6X8  inch  guards  were  bolted  to  the  ties.  The  upper  and  lower 
laterals  are  of  the  Warren  type  and  are  made  of  single  angles.  Four 
intermediate  and  two  end  cross-frames  are  used.  This  bridge  was 
designed  by  the  author  and  was  fabricated  by  the  American  Bridge 
Company. 


CHAPTER  XIII. 

Design  of  Truss  Members. 

KINDS  OF  STRESS.— In  addition  to  the  stresses  due  to  ( i )  dead 
load,  (2)  live  or  moving  load,  (3)  wind  load,  and  (4)  snow  load  consid- 
ered in  Part  I,  it  will  be  necessary  to  consider  the  following  stresses  1(5) 
impact  stresses;  (6)  temperature  stresses;  (7)  centrifugal  stresses,  and 
(8)  secondary  stresses  not  taken  into  account  in  the  calculations.  In 
addition  to  the  above  it  is  necessary  in  determining  the  allowable  stress 
in  any  member  to  take  into  account  imperfections  in  materials  and 
workmanship,  possible  increase  in  live  loads,  fatigue  of  metals,  the 
frequency  of  the  application  of  the  stress,  corrosion  and  deterioration 
of  materials,  etc.  The  structure  should  be  so  designed  that  no  part  will 
be  ever  stressed  beyond  the  elastic  limit.  The  allowable  stresses  for 
dead  load  are  usually  taken  at  about  60  to  70  per  cent  of  the  elastic 
limit  of  the  material.  For  example  in  the  case  of  steel  with  an  elastic 
limit  of  30,000  lbs.,  the  allowable  working  stresses  for  dead  loads  alone 
would  vary  from  18,000  to  21,000  lbs.  per  sq.  in. 

Impact  Stresses. — As  a  load  moves  over  the  bridge  it  causes  shocks 
and  vibrations  whereby  the  actual  stresses  are  much  increased  over 
those  due  to  static  loads  alone.  It  is  shown  in  mechanics  of  materials 
that  a  load  suddenly  applied  to  a  bar  or  a  beam  will  produce  stresses 
twice  the  stresses  produced  by  the  same  load  gradually  applied.  A 
bridge  is  a  complex  structure  and  it  is  not  possible  to  determine  the 
exact  effect  of  the  moving  loads.  It  has  been  found  by  experiment 
that  the  ultimate  strength  for  repeated  loads  is  much  less  than  the 
ordinary  ultimate  strength.  In  a  bridge  it  will  be  seen  that  the  dead 
load  is  a  fixed  load  and  that  the  live  load  is  a  varying  load.  Impact 
stresses  appear  to  be  intimately  connected  with  the  fatigue  of  metals. 

For  stresses  of  one  kind  Professor  Launhardt  has  proposed  the 
following  formula : 

233 


234  DESIGN   OF  TRUSS    MEMBERS. 


P 


Min.  stress  \ 


/         Min.  stress  \ 
=  •^1'+ Max.  stress/  (9°) 


where  P  is  the  allowable  working  stress  required,  and  5"  is  the  allow- 
able working  stress  for  live  loads,  varying  from  zero  to  the  maximum 
stress.  For  stresses  of  opposite  kinds  Professor  Weyrauch  has  pro- 
posed the  following  formula: 


P 


i  Min.  stress    v 

"~.     \    ""  2  Max.  stress  /  ^  ' 

where  P  and  5"  are  the  same  as  for  the  Launhardt  formula,  the  maxi- 
mum and  minimum  stresses  being  taken  without  sign.  For  columns 
and  struts  the  allowable  stresses  are  to  be  reduced  by  a  suitable  column 
formula. 

There  are  three,  methods  in  common  use  for  taking  account  of 
impact  and  fatigue:  (i)  Impact  formulas;  (2)  Launhardt- Weyrauch 
formulas,  and  (3)  Cooper's  Method. 

( I )  Impact  Formulas, — The  formula  in  most  common  use  is  given 
in  the  form 

where  /  =  impact  stress  to  be  added  to  the  static  live  load  stress; 
5  =  the  static  live  load  stress,  L  =  the  length  in  feet  of  the  portion 
of  the  bridge  that  is  loaded  to  produce  the  maximum  stress  in  the 
member,  and  a  and  b  are  constants  expressed  in  feet.  The  American 
Bridge  Company  and  the  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association  specify  for  railway  bridges,  0  =  6  =  300  ft. 
Mr.  J.  A.  L.  Waddell  specifies  a  =  400  ft.,  and  b  =  500  ft.  for  railway 
bridges;  and  a=  100  ft,  and  fe=  150  ft.  for  highway  bridges. 

For  highway  bridges  the  American  Bridge  Company  specifies  that 
the  maximum  live  load  stress  shall  be  increased  25  per  cent  to  cover 
impact  and  vibration. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  specifies  that  for  electric 
railway  bridges 

7=5'i5o/(L  +  30o)  (92a) 
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In  the  Osborn  Engineering  Company's  1901  specifications  for  rail- 
way and  for  highway  bridges  tlie  impact  is  calculated  by  tlie  formula 

I  =  SS/{S  +  D)  (92b) 

where  S  is  the  static  live  load  stress  and  D  is  the  dead  load  stress. 
This  method  is  also  specified  by  the  Harriman  Railway  System. 

(2)  Launhardt'Weyrauch  Formulas. — Formula  (90)  is  used  for 
determining  the  allowable  stress  for  loads  of  one  kind  and  formula 
(91)  is  used  for  determining  the  allowable  stress  for  loads  of  different 
kinds.     This  method  is  used  in  Thacher's  Specifications,  and  others. 

(3)  Cooper's  Method, — Cooper  uses  formula  (90)  and  calculates 
the  area  for  the  dead  load  and  the  area  for  the  live  load  stress  sepa- 
rately. For  dead  loads  from  formula  (90)  we  have  P  =  2S,  while  for 
live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  =  S. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both 
kinds  of  stress,  but  to  each  stress  he  adds  eight-tenths  of  the  lesser  of 
the  two  stresses. 

The  diflFerent  methods,  while  apparently  very  unlike,  give  essen- 
tially the  same  results.  Many  engineers  claim  that  fatigue  of  the 
materials  and  impact  should  be  considered  separately.  In  choosing 
working  stresses,  an  allowance  should  be  made  for  secondary  and 
other  stresses  that  cannot  easily  be  calculated,  for  corrosion,  etc. 

Temperature  Stresses. — An  increase  or  decrease  in  temperature 
produces  no  stresses  in  a  bridge  with  one  end  on  frictionless  rollers. 
Where  there  is  a  horizontal  resistance  to  the  movement,  the  bridge 
becomes  a  two-hinged  arch  and  it  is  necessary  to  calculate  the  stresses 
for  that  case.     See  the  author's  "  Steel  Mill  Buildings,"  Chapter  XIV. 

Centrifugal  Stresses. — Mr.  C.  C.  Schneider's  "  Specifications  for 
Electric  Railway  Bridges  "  contains  the  following  requirement : 

Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  ol 
the  live  load  acting  at  the  top  of  the  rail.  The  centrifugal  force  shall  be  calcu- 
lated by  the  following  formula: 

C  =  (0.043  —  0.003D)  W'D  (93) 

where 


236  DESIGN  OF  TRUSS   MEMBERS. 

C  =  centrifugal  force  in  lbs,; 
W^  =  weight  of  train  in  lbs.; 
£>  =  degree  of  curvature. 

SPECIFICATIONS  FOR  STEEL.— All  standard  specifications 
call  for  Open  Hearth  steel.  It  has  been  the  custom  to  specify  "  soft'* 
steel  with  an  ultimate  strength  of,  say,  54,000  to  62,000  lbs.  per  sq.  in. ; 
"medium"  steel  with  an  ultimate  strength  of,  say,  60,000  to  68,000 
lbs.  per  sq.  in. ;  and  "  rivet "  steel  with  an  ultimate  strength  of,  say, 
50,000  to  58,000  lbs.  per  sq.  in.  The  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association  has  specified  a  single  grade 
of  "  structural "  steel  with  an  ultimate  strength  of  56,000  to  64,000  lbs. 
per  sq.  in. ;  and  "  rivet "  steel  with  an  ultimate  strength  of  46,000  to 
54,000  lbs.  per  sq.  in.  This  method  appears  to  be  coming  rapidly  into 
use  and  promises  to  become  standard. 

Standard  specifications  are  given  in  Appendix  I,  in  which  the 
specifications  for  material  adopted  by  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association  have  been  used. 

PERMISSIBLE  STRESSES.— The  allowable  stresses  in  the  dif- 
ferent members  of  steel  highway  bridges  will  depend  upon  the  method 
of  providing  for  impact. 

Schneider's  Specifications. — In  his  "  Specifications  for  Steel  Elec- 
tric Railway  Bridges  "  Mr.  C.  C.  Schneider  has  specified  the  allowable 
stresses  adopted  by  the  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association,  using  the  impact  formula  in  (92a).  The 
clauses  referring  to  unit  stresses  are  as  follows : 

§  17.  Unit  Stresses. — All  parts  of  structures  shall  be  so  proportioned  that  the 
sum  of  the  maximum  stresses  shall  not  exceed  the  following  amounts  in  pounds 
per  sq.  in.,  except  as  modified  in  paragraphs  25  to  27. 

§  18.    Tension. — Axial  tension  on  net  section 16,000 

§19.    Compression. — Axial  compression  on  gross  section 16,000 — yo-l/r 

where  "  / "  is  the  length  of  member  in  inches  and  "  r  "  is  the  least  radius  of  gyra- 
tion in  inches. 

§20.    Bending:  on  extreme  fibers'  of  rolled  shapes,  built  sections  and 

girders ;  net  section 16,000 

on  extreme  fibers  of  pins 24,000 

§  21.    Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 
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plate  girder  webs ;  gross  section IO|000 

§  22.    Bearing:  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers ;  per  linear  inch 600  d 

where  "  d  "  is  the  diameter  of  the  roller  in  inches. 
1 23.    Limiting  Length  of  Compression  Members. — No  compression  member 
shall  have  a  length  exceeding  100  times  its  least  radius  of  gyration,  excepting 
those  for  wind  bracing,  which  may  have  a  length  120  times  the  least  radius  of 
gyration. 

§  24.  Alternate  Stresses, — Members  subject  to  alternate  stresses  of  tension 
and  compression  shall  be  proportioned  for  the  stresses  giving  the  largest  section. 
If  the  alternate  stresses  occur  in  succession  during  the  passage  of  one  train,  as^ 
in  stiff  counters,  each  stress  shall  be  increased  by  50  per  cent  of  the  smaller. 
The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the  stresses. 

§  25.  Counters, — ^Wherever  the  live  and  dead  load  stresses  are  of  opposite 
character,  only  70  per  cent  of  the  dead  load  stress  shall  be  considered  as  effective 
in  counteracting  the  live  load  stress. 

1 26.  Combined  Stresses. — Members  subject  to  the  action  of  both  axial  and 
bending  stresses  shall  be  proportioned  so  that  the  combined  stress  shall  not  ex- 
ceed the  allowed  axial  stress. 

§  27.  Lateral  and  Other  Stresses  Combined. — For  stresses  produced  by  lateral 
and  wind  forces  combined  with  those  of  live  loads,  dead  loads  and  centrifugal 
forces,  the  unit  stresses  may  be  increased  25  per  cent  over  those  given  above; 
*but  the  section  shall  not  be  less  than  required  if  lateral  and  wind  forces  be 
neglected. 

American  Bridge  Company's  Specifications. — The  American 
Bridge  Company's  1901  "  Specifications  for  Steel  Highway  Bridges " 
specify  the  following  allowable  unit  stresses.  Impact  equal  to  twenty- 
five  per  cent  of  the  live  load  included. 

Tension, — Axial  tension  on  net  section,  soft  steel  15,000  lbs.  per  sq.   in., 
medium  steel  17,000  lbs.  per  sq.  in. 
Compression, — ^For  soft  steel 

^_         15,000 

~  i  +  ^Vi3,5oor* 
For  medium  steel. 

17,000 

"~  I  +  P/Iijooor* 

where  P  =  permissible  working  stress  per  sq.  in.  in  compression,  /  =  length  of 
member  in  inches,  c  to  c  of  connection ;  r  =  least  radius  of  gyration  of  the  sec- 
tion in  inches. 

Length  of  Compression  Members. — Main  members  shall  not  have  the  length 
greater  than  120  times  the  least  radius  of  gyration,  and  lateral  struts  not  greater 
than  140  times  the  least  radius  of  gyration. 


238  DESIGN   OF  TRUSS   MEMBERS. 

Reversal  of  Stress.— In  class  A,  B,  C  and  D  members  subject  to  the  reversal 
of  stress  shall  be  designed  to  take  either  stress.  In  classes  Ei  and  Ei  members 
subject  to  reversal  of  stress  shall  be  designed  so  that  the  total  area  shall  be 
equal  to  the  sum  of  the  areas  required  for  the  tensile  and  compressive  stresses. 

Combined  Stress. — The  allowable  stresses  when  wind  stresses  are  added  to 
the  stresses  due  to.  vertical  loads  and  impact,  shall  not  exceed  19,000  lbs.  per  sq. 
in.  for  soft  steel,  nor  21,000  lbs.  per  sq.  in.  for  medium  steel. 

Bending. — The  bending  on  rolled  shapes  and  plate  girders,  net  section,  shall 
not  exceed  15,000  lbs.  per  sq.  in.  for  soft  steel,  nor  17,000  per  sq.  in.  for 
medium  steel.  Bending  on  extreme  fibers  of  pins  shall  not  exceed  22,000  lbs. 
per  sq.  in.  for  soft  steel,  nor  25,000  lbs.  per  sq.  in.  for  medium  steel. 

Shear. — The  shear  on  shop  rivets  shall  not  exceed  11,000  lbs.  per  sq.  in.  for 
soft  steel,  nor  12,000  lbs.  per  sq.  in.  for  medium  steel ;  the  number  of  field  rivets 
shall  be  increased  25  per  cent. 

Allowable  shear  in  webs  of  plate  girders  shall  not  exceed  9,000  lbs.  per  sq.  in. 
for  soft  steel,  nor  10,000  lbs.  per  sq.  in.  for  medium  steel ;  it  being  assumed  that 
I  of  the  web  area  is  available  as  flange  area. 

Bearing. — The  bearing  on  rivets  and  pins  shall  not  exceed  22,000  lbs.  per  sq. 
in.  for  soft  steel,  nor  24,000  lbs.  per  sq.  in,  for  medium  steel. 

Bearing  on  masonry  shall  not  exceed  400  lbs.  per  sq.  in. 

Bearing  on  rollers  shall  not  exceed  1,200%/^  lbs.  per  lineal  inch,  where  d  = 
diameter  of  roller  in  inches. 

Cooper's  Specifications. — In  his  1901  "  Specifications  for  Steel 
Highway  and  Electric  Railway  Bridges,"  Mr.  Theodore  Cooper  specifies 
the  following  allowable  unit  stresses : 

Tension.  Medium  Steel. — Floorbeam  hangers  and  other  similar  members 
liable  to  sudden  loading,  net  section,  8,000  lbs.  per  sq.  in.;  longitudinal,  lateral 
and  sway  bracing  for  wind  and  live  load  stresses,  18,000  lbs.  per  sq.  in.;  solid 
rolled  beams  used  as  cross  floorbeams  and  stringers,  13,000  lbs.  per  sq.  in.;  bot- 
tom flanges  of  riveted  girders,  net  section,  all  moment  resisted  by  flanges,  13,000 
lbs.  per  sq.  in.;  bottom  chords,  main  diagonals,  counters  and  long  verticals, 
12,500  lbs.  per  sq.  in.  for  live  load  stress,  and  25,000  lbs.  per  sq.  in.  for  dead 
load  stress. 

Soft  steel  may  be  used  with  tensile  unit  stresses  10  per  cent  less  than  above 

Compression.  Medium  Steel. — For  chord  segments  P=  12,000  —  55//r  lbs. 
per  sq.  in.  for  live  load  stresses,  and  P  =  24,000 —  iio-l/r  lbs.  per  sq.  in.  for 
dead  load  stresses. 

For  all  posts  for  through  bridges,  including  end-posts,  P=  10,000  —  45//r 
lbs.  per  sq.  in.  for  live  load  stresses,  and  P  =  20,000  —  90-//r  lbs.  per  sq.  in.  for 
dead  load  stresses. 

For  all  posts  in  deck  bridges  and  trestles,  P=  11,000  —  40-//r  lbs.  per  sq.  in. 
for  live  load  stresses,  and  P  =  22,000  —  8o//r  lbs.  per  sq.  in.  for  dead  load 
stresses. 

For  lateral  struts  and  rigid  bracing  P=  13,000  —  6o//r  lbs.  per  sq.  in.  for 
wind  stresses,  and  §  of  the  above  for  live  load  stresses. 

In  above  /=  length  of  member  r  to  r  of  connections,  and  r:=  radius  of 
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gyration  of  the  member,  both  in  inches.  The  ratio  of  Mr  shall  not  exceed 
100  for  main  members  and  120  for  laterals. 

Soft  steel  may  be  used  with  unit  stresses  15  per  cent  less  than  the  above. 

Bending. — ^The  bending  on  extreme  fibers  of  pins  shall  not  exceed  20,000 
lbs.  per  sq.  in. 

Shear. — The  shear  on  pins  and  rivets  in  trusses  shall  not  exceed  10,000  lbs. 
per  sq.  in.  The  shear  on  rivets  in  floor  systems  shall  not  exceed  80  per  cent, 
and  in  lateral  systems  shall  fiot  exceed  140  per  cent  of  the  values  above. 

Bearing. — The  bearing  on  pins  and  rivets  in  trusses  shall  not  exceed  18^000 
lbs.  per  sq.  in.  The  bearing  on  rivets  in  floor  systems  shall  not  exceed  80  per 
cent,  and  in  lateral  systems  shall  not  exceed  140  per  cent  of  the  values  above. 

Field  rivets  shall  have  their  allowable  bearing  and  shear  reduced  one-third 

Bearing  on  rollers  per  lineal  inch  =  300{/,  where  d  is  the  diameter  of  the 
roller  in  inches. 

Bearing  on  masonry  shall  not  exceed  275  pounds  per  sq.  in. 

Combined  Stresses. — Members  subject  to  combined  stresses  must  be  designed 
for  the  greatest  stress.  Unless  the  stress  due  to  weight,  only,  exceed  10  per 
cent  of  the  allowed  stress,  such  stress  need  not  be  considered.  Unless  the  stress 
due  to  wind  forces  exceed  25  per  cent  of  the  allowed  unit  stress  it  need  not 
be  considered. 

Reversal  of  Stress. — Members  and  their  connections  subject  to  alternate 
stress  shall  be  designed  to  take  each  kind  of  stress.  Both  stresses,  shall,  how- 
ever, be  increased  by  an  amount  equal  to  A  of  the  least  of  the  two  stresses. 

Osbom  Engineering  Company's  Specifications.  —  The  Osborn 
Engineering  Company's  1901  "  Specifications  for  Steel  Highway 
Bridges "  specify  the  following  allowable  unit  stresses.  Impact  as 
calculated  by  (92b)  is  included. 

Tension. — Wrought  iron  18,000  lbs.  per  sq.  in.;  soft  steel  20,000  lbs.  per 
sq.  in. ;  medium  steel  22,000  lbs.  per  sq,  in. ;  net  section. 

Compression. —  Compression  members  shall  be  designed  for  a  unit  stress 
not  greater  than  given  by  the  formula 

/>=-^-p,^^— lbs.persq.  in. 

in  which  C  ^  18,000  for  wrought  iron,  =  20,000  for  soft  steel,  ==  22,000  for  me- 
dium steel ;  B  =  36,000  for  members  with  two  square  bearings,  =:  24,000  for  mem- 
bers with  one  square  and  one  pin  bearing,  =  18,000  for  members  with  two  pin 
bearings;  /=  length  of  members  between  supports  and  r  =  least  radius  of  gyra- 
tion of  the  member,  both  in  inches.  The  ratio  of  l/r  shall  not  exceed  125  for 
main  members  nor  150  for  subordinate  members. 

Bending. — Bending  on  medium  steel  pins  shall  not  exceed  25,000  lbs.  per 
sq.  in. 

Bearing. — Bearing  on  medium  steel  pins  shall  not  exceed  22,000  lbs.  per 
sq.  in.,  on  rivets  not  greater  than  20,000  lbs.  per  sq.  in. 

Bearing  on  masonry  shall  not  exceed  400  lbs.  per  sq.  in. 
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Bearing  on  rollers  shall  not  exceed  6oo(/  lbs.  per  lineal  inch  of  roller,  where 
</  =  diameter  of  roller  in  inches. 

Shear. — The  allowable  shear  on  pins  and  rivets  shall  not  exceed  10,000 
lbs.  per  sq.  in. 

Combined  Stresses. — Members  subjected  to  combined,  direct  and  bending 
stresses  shall  be  proportioned  for  the  combined  stresses. 

Reversal  of  Stress. — Members  subjected  to  alternate  tensile  and  compressive 
stresses  shall  be  designed  to  resist  either,  and  shall  have  25  per  cent  excess  of 
strength  in  their  connections. 

For  additional  specifications,  see  Appendix  I. 

THICKNESS  OF  METAL.— The  American  Bridge  Company 
specifies  that  no  metal  less  than  J  in.  thick  shall  be  used  for  highway 
bridges,  except  for  fillers.  Cooper,  Schneider  and  Osbom  specify  that 
no  metal  less  than  ^  in.  thick  shall  be  used  for  highway  bridges,  except 
for  fillers.  The  author  recommends  that  i  in.  metal  be  permitted  in 
class  D  highway  bridges,  and  that  -^  in.  metal  be  the  minimum  for  all 
other  highway  bridges. 

The  standard  minimum  thickness  for  metal  in  railway  bridges  is  §  in. 

TENSION  MEMBERS.— Tension  members  are  made  (i)  of  eye- 
bars;  (2)  of  square  or  round  loop  bars;  (3)  of  simple  shapes,  and  (4) 
of  built  sections. 

Eye-bars. — Eye-bars  are  used  for  main  tension  members  of  pin- 
connected  trusses.  The  eyes  may  be  formed  (a)  by  upsetting  and 
forging,  or  (b)  by  piling  and  welding.  By  the  first  method  the  bar  is 
upset  and  the  head  is  forged  in  a  die,  after  which  the  bar  is  reheated 
and  annealed  and  the  pin  hole  is  drilled.  By  the  second  method  a 
"  pile"  of  iron  bars  is  placed  on  the  end  of  the  bar,  the  pile  is  heated 
and  the  head  is  forged  in  a  die.  The  bar  is  then  reheated  and  annealed 
and  the  pin  hole  is  drilled.  Steel  eye-bars  should  always  be  made  by 
upsetting  and  forging.  The  American  Bridge  Company's  standard 
eye-bars  are  given  in  Table  XVII ;  while  the  King  Bridge  Company's 
standard  eye-bars  are  given  in  Table  XVIII.  Eye-bars  thinner  than 
those  specified  are  liable  to  buckle  in  the  head.  Eye-bars  may  be 
obtained  in  diflFerent  thicknesses  varying  by  ^  inch.  Eye-bars  are 
seldom  made  with  a  thickness  of  more  than  one-third  or  less  than  one- 
sixth  of  the  depth  of  the  bar.  The  Osborn  Engineering  Company 
specifies  that  bars  shall  not  be  less  than  f  in.  in  thickness,  and  prefer- 
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ably  not  less  in  thickness  than  i  the  depth.  Eye-bars  should  be  parallel 
as  nearly  as  possible ;  the  B.  &  O.  R.  R.  specifies  that  eye-bars  shall  not 
be  out  of  line  more  than  one  inch  in  ten  feet;  the  specifications  in 
Appendix  I  require  that  eye-bars  shall  not  be  out  of  line  more  than  one 
inch  in  i6  feet  (§92).  Thick  bars  give  large  moments  on  the  pin. 
Pins  are  ordinarily  specified  to  be  not  less  than  three-fourths  of  the 


TABLE  XVII. 
Forged  Eye-Bars.    American  Bridge  Company  Standards. 


Bar. 

Hbad. 

Bar. 

Hbad. 

• 

• 

•0     ? 

d 

-6  . 

Width. 
Ins. 

Minimum 

Thickness. 

Ins. 

Diameter. 
Ins. 

Maximum  Pi 
Ins. 

Additional 
Material 
for  One  Hea 
Ft.  and  Ins 

Width. 
Ins. 

Minimum 
Int. 

Diameter. 
Ins. 

Maximum  P: 
Ins. 

Additional 
Material 
for  One  Hea 
Ft.  and  Ins 

A'A 

i«: 

I-  0 

I 

i6>4 

7 

2-  7 

2 

/2 

5M 

2JC 

1-4 

7 

^yi 

17^ 

8 

2-II 

*^yt 

aM" 

I-  9 

i'A 

*I8>^ 

9 

3-  4 

6 

i% 

I-  3 

I 

18 

7 

2-  8 

2H 

H 

7 

z% 

I-  7 

8 

I'A 

19 

8 

3-  0 

*8 

4'A 

2-  0 

iX 

*20 

9 

3-  4 

7^ 

3X 

I-  6 

1% 

22>^ 

9  , 

3-  5 

3 

H 

8>^ 

4X 

i-ii 

10 

'H 

24 

io>4 

3-  9 

*9>^ 

5X 

2-  4 

^H 

*25 

ii>4 

4-  I 

H 

10 

4>i 

i-ii 

"^H 

26y^ 

10 

3-8 

4 

% 

II 

5>i 

2-  3 

12 

^H 

28 

11^ 

4-  2 

I 

♦12 

(>% 

2-  8 

1^ 

*29^ 

13 

4-8 

. 

H 

12 

5X 

2-    I 

iH 

31 

12 

4-3 

5 

I 

13)4 

^H 

2-   8 

14 

I'A 

33 

14 

4-10 

I 

*i5 

8^ 

3-  3 

^H 

*34 

15 

5-  5 

H 

14 

sH 

2-  4 

16 

i¥ 

36 

14 

4-11 

6 

I 

14^ 

6>i 

2-  6 

^A 

*37^ 

16 

5-  5 

I 

*i6K 

^% 

3-  2 

Bars  marked*  should  only  be  used  when  absolutely  unavoidable. 
Bars  are  hydraulic  forged  and  are  guaranteed  to  develop  the  full  strength  of 
the  bar  under  conditions  given  in  the  table  when  tested  to  destruction. 
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depth  of  the  deepest  bar  coming  on  the  pin.  Bars  very  shallow  or 
very  deep  will  therefore  require  large  pins.  The  stresses  in  eye-bars 
due  to  their  own  weight  are  given  in  Fig.  107,  Chapter  VIII.  Eye- 
bars  should  always  be  used  in  pairs  and  should  be  kept  small  in  order 
to  keep  down  the  size  of  the  pins  and  reduce  the  cost  of  fabrication  of 
the  pins.     Specifications  for  eye-bars  are  given  in  Appendix  I. 


TABLE  XVIII. 
Forged  Eye-Bars.    King  Bridge  Company  Standards. 


T 


jU 


^-5 


T 


Bar. 

Head. 

Bar. 

Head. 

A 

B 

E 

D 

'^        1 

A 

^ 

E 

z> 

c 

Width. 
Ins. 

1% 

as 

b 

6S 

«"M 

i 

r 

s 

.tf  2  V  fl 

<2 

■2- 

III 

•-•3 

as 

b' 

S 

•a 

1-3  "Ss 

•=  b   "2 
•0  <  c  a 

2 

3 

H 

H 

H 
H 

3H 
6 

3H 

5 

6 

5 
6 

7>^ 

6 

8 

10 

7 
8 

10 

i'A 

2-h 

3A 

»^ 

4 

iH 

3H 

sH 

3^ 
Si's 

0-  8 

1-  6 

0-7 

O-II 

I-  3 

O-IO 

I-  0 
I-  5 

O-IO^ 

I-  4 
i-ii 

O-II 

I-  I 
1-8^ 

1 

1 

4 

5 

6 

8 
10 
12 

1 

I 
I 
I 

I 

I 
I 

iH 
iH 

8 
10 
12 

II 

13 
15 

13;^ 
15 

18 
20 

20 
24 

22 

24 

4^ 
6>i 

4 
6 
8 

5>^ 

8>^ 
6?* 

6 

10 

5A 

7tV 

I-  0 

1-  5 
2-4>^ 

i-4>^ 

2-  I 

2-  8 

1-8K 
2-  I 
2-  8 

2-  3  ^ 

2-IO>^ 
2-  2 

3-  3 

2-   IJ^ 

2-  7 

The  area  of  the  head  on  the  line  S-S  is  140  per  cent  of  the  area  of  the  bar. 

Adjustable  Eye-bars. — Where  eye-bars  are  used  for  counters  they 
are   made   adjustable.     The   American    Bridge   Company's   standard 
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adjustable  eye-bars  are  given  in  Table  XIX.     The  parts  of  the  bar  may 
be  connected  by  sleeve  nuts  or  turnbuckles. 

TABLE  XIX. 
Adjustable  Eye-Bars.    American  Bridge  Company  Standards. 


Min.  Length  C.  to  end    6'  6"  preferably 


Bar. 

ScRBW  End. 

Bar. 

1 

Screw  End. 

Width. 
Ins. 

■ 

8  « 

sS 

• 

1 

• 

8 

.a- 

H 

i 

J  ■ 

•OS  is 

2 
2% 

3 
4 

5 

1 

% 
I 

I 

I 

■a 
I 

1^ 

2 
2^ 

4 

4>^ 
■4>^ 

4>^ 

5 

5 

5 
5 

5>^ 

6 

6 
6 
6^ 

7 
7 

12 
12 
II 

12 
12 
12 

1 

12 

10 

13 

13 
II 

13 
14 

12 
II 
12 

13 
14 

6 

7 
8 

1-% 

3K 
3J< 
4 
AX, 

A 

A% 

A'A 

aH 

AM 
AA 
A^ 
5 

7 
7 

8 

12 
12 

13 
14 

12 

13 
14 
14 

12 

13 
13 
14 
15 

Bars  marked  *  should  only  be  used  when  absolutely  unavoidable. 
Bars  are  hydraulic  forged  and  are  guaranteed  to  develop  the  full  strength  of 
the  bar  under  conditions  given  in  the  table  when  tested  to  destruction. 


Loop-bars. — Iron  bars,  both  square  and  round,  are  often  made  with 
loop  ends.     Steel  bars  should  never  be  used  with  loop  ends  for  the 
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TABLE  XX. 

Loop-Bars.    American  Bridge  Company  Standards. 
All  Dimensions  in  Inches. 


Wrouirttt  Iron 


<a> 


-  ! 


4  T 


r^ 


Length  in  inches  beyond  pin  centre  to  form  one  eye  equals  3.7  (P  +  /?) 


DiAMBTBR  OR  SiDB  OP  BaRS. 

DiAM.  OF 

DiAM.  OP 

PlHS. 

1 

PiKS. 

12 

I 
12^ 

IH 

i5< 

iH 

IK 

a      !    »5< 

«>4 

«« 

3 

I 

I 

I^ 

12^ 

12^ 

13^8 

13?^ 

I4>< 

'^ 

1^ 

13^ 

13;^ 

I4X 

I4?< 

15X 

16H 

1% 

iH 

I4X 

14^ 

I5X 

I5>^ 

i6>^ 

17 

18 

iH 

2 

i53i< 

I5J< 

16^ 

16?^ 

17 

18 

iSji 

I9J< 

a 

2H 

17 

I7>i 

18 

iSH 

18^ 

19H 

20H 

2l)i\22}i 

a3>i 

2>i 

3 

18;^ 

19H 

19^ 

2oj4 

20^ 

21H 

22}i 

23M 

24H 

25?< 

26X 

'7% 

3  , 

3>4 

20^ 

2lX 

2I>4 

22yi 

22^ 

23)4 

24H 

25^8 

26X 

27;^ 

28>| 

29 

3>i 

4 

22^ 

23 

23K 

24 

24^ 

25H 

26J4 

27^ 

28>^ 

29 

30 

31 

4 

4H 

24>< 

24^ 

25>« 

25;^ 
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Note. — Maximum  shipping  length  should  not  exceed  35  feet. 

reason  that  welded  steel  is  not  ordinarily  considered  reliable.  The 
American  Bridge  Company^s  standard  loop-bars  are  shown  in  Table 
XX.  Loop-bars  are  made  with  both  single  and  double  loops.  Clevises 
are  to  be  preferred  to  double  loops.  Loop-bars  bent  in  the  weld  should 
not  be  used. 

Standard  Upsets. — Bars  upon  which  screw  ends  are  to  be  cut,  are 
first  upset  so  that  the  area  through  the  base  of  the  screw  will  be  in 
excess  of  the  main  body  of  the  bar  by  a  required  amount,  varying  from 
16  to  40  per  cent.  The  American  Bridge  Company's  standard  upsets 
for  round  and  square  bars  are  given  in  Table  XXL 

Clevises. — Where  small  round  or  square  steel  bars  are  used,  the 
ends  should  be  upset  and  the  connection  to  the  pin  should  be  made  by 
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Upsets  for  Round  and  Square  Bars. 
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means  of  clevises.     The  American  Bridge  Company's  standard  clevises 
are  given  in  Table  XXII. 

Tumbuckles  and  Sleeve  Nuts. — Eye-  or  loop-bars  are  made  adjust- 
able by  means  of  tumbuckles  or  sleeve  nuts.     Turnbuckles  are  more 
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TABLE  XXII. 
Standard  Clevises.    American  Bridge  Company  Standards. 


(7  =  grip  =  thickness  of  plate  +  J''. 
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often  used  than  sleeve  nuts.  The  turnbuckle  has  the  advantage  tliat 
the  ends  of  the  bars  are  visible,  while  it  has  the  disadvantage  that  it 
can  be  loosened  with  a  bar.  The  American  Bridge  Company's  stan- 
dard turnbuckles  and  sleeve  nuts  are  given  in  Table  XXIII. 

Riveted  Tension  Members. — The  difficulty  in  the  design  of  riveted 
tension  members  is  the  design  of  the  end  connections.  The  rivets  in 
the  end  connections  should  be  symmetrical  with  the  neutral  axis  of  the 
member.  This  is  sometimes  difficult  to  attain,  and  results  in  large 
eccentric  stresses.  In  riveted  tension  members  with  pin-connections 
it  is  usually  specified:  (i)  That  the  net  area  through  the  pin  hole 
must  exceed  the  required  net  area  of  the  member  by  25  per  cent,  and 
(2)  the  area  back  of  the  pin  hole  on  a  plane  through  the  center  of  the 
pin  hole  and  parallel  to  the  axis  of  the  member  must  be  not  less  than 
75  per  cent  of  the  area  through  the  pin  hole.  The  net  area  of  the 
member  must  be  used  in  calculating  the  strength  of  a  riveted  tension 
member.  In  deducting  for  rivet  holes  in  tension  members  it  is  often 
ispecified  that  rupture  will  be  considered  equally  probable  on  a  trans- 
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TABLE  XXIII. 

Sleeve  Nuts  and  Turnbuckles.    American  Bridge  Company  Standards. 
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verse  or  diagonal  section  unless  the  diagonal  section  has  a  net  area  30 
per  cent  in  excess  of  the  transverse  section. 
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The  net  area  of  a  tension  member,  A,  required  to  carry  a  direct 
tension,  T,  with  a  safe  unit  stress,  f,  is  A  =  T/f.  For  methods  of 
calculating  the  stresses  in  tension  members  due  to  direct  and  cross- 
bending  forces,  see  Chapter  VIII. 

For  the  calculation  of  the  stresses  in  an  eccentric  riveted  connec- 
tion, see  Chapter  VIII. 

The  areas  to  be  deducted  for  rivet  holes  in  tension  members  are 
given  in  Table  XXXII. 

COMPRESSION  MEMBERS.— Some  of  the  common  forms  of 
compression  members  are  shown  in  Fig.  178.  The  section  in  (6)  con- 
sisting of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom, 
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Fig.  178.    Rfteted  Sections  for  Compression  Members. 
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and  section  (e)  consisting  of  two  channels  laced  on  both  top  and 
bottom  are  commonly  used  for  the  top  chords  of  high  truss  pin- 
connected  highway  bridges.  Sections  (a),  (c),  (d)  and  (g)  are  com- 
monly used  for  long  span  highway  and  railway  pin-connected  bridges. 
Sections  (e),  (f),  (g)  and  (j)  are  used  for  intermediate  posts,  while 
sections  (h)  to  (k)  are  used  for  the  chords  of  riveted  highway  bridges. 
A  type  of  chord  should  be  selected  that  will  give  the  desired  results 
and  will  at  the  same  time  give  a  low  cost  for  fabrication.  Where 
chords  are  made  without  a  top  cover  plate,  the  lacing  must  be  designed 
to  carry  the  diagonal  shear  in  addition  to  the  usual  stresses.  The  least 
radius  of  gyration  of  sections  (a)  to  (d),  inclusive,  is  approximately 
four-tenths  of  the  width  of  the  member,  while  the  least  radius  of  gyra- 
tion of  sections  (e)  to  (g),  inclusive,  is  approximately  three-eighths 
of  the  depth. 

In  selecting  a  chord  section  the  radius  of  gyration  should  be  kept 
as  large  as  possible,  the  member  at  the  same  time  satisfying  the  follow- 
ing requirements:  (i)  The  thickness  of  the  top  cover  plate  should  not 
be  less  than  %o  the  distance  between  the  centers  of  the  rivets  connect- 
ing the  plate  to  the  angles  or  channels.  (2)  The  thickness  of  the  side 
plates  should  not  be  less  than  Yso  the  distance  between  the  centers  of 
the  rivets  connecting  it  to  the  angles.  (3)  The  angles  should  not  be 
thinner  than  three-fourths  the  thickness  of  the  thickest  plate  attached 
to  them.  (4)  The  radius  of  gyration  of  the  member  about  both  axes 
should  be  approximately  the  same. 

Design  of  Compression  Members, — The  allowable  stresses  in  com- 
pression members  are  given  in  the  standard  specifications  in  this 
chapter.  For  the  details  of  the  calculations  of  the  moments  of  inertia, 
radii  of  gyration  and  allowable  stresses  in  compression  members,  see 
Chapter  VIII,  and  Chapter  XXII. 

Lacing. — Lacing  bars  are  used  to  join  the  parts  of  the  member 
together  and  make  it  act  as  a  solid  member  to  resist  the  shear  due  to 
bending  and  the  diagonal  shear  in  the  member.  Lacing  bars  are  com- 
monly made  with  a  thickness  of  not  less  than  %o  the  distance  between 
end  rivets  for  single  lacing,  or  %o  of  the  distance  between  rivets  for 
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double  lacing  riveted  at  the  middle.  The  spacing  should  be  such  that 
the  part  of  the  column  between  the  rivets  is  stronger  than  the  column 
as  a  whole.  Specifications  require  that  the  lacing  bars  make  an  angle 
with  the  axis  of  the  member  of  from  60  to  45  degrees.  The  Ameri- 
can Bridge  Company's  standard  lacing  bars  are  given  in  Table  XXIV. 


Design  of  Lacing  Bars. — The  lacing  bars  in  a  column  hold  the  parts 
of  the  column  in  line,  carry  part  of  the  diagonal  shear,  and  transfer 
part  of  the  stress  in  columns  with  an  eccentric  loading,  "  The  stresses 
in  the  bars  retiuired  to  hold  the  parts  of  the  column  in  line  are  small 
for  stresses  in  the  column  within  the  elastic  limit  of  the  material.  The 
maximum  diagonal  shear,  S,  in  a  sohd  member  is  S='iP,  where  P^ 
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TABLE  XXIV. 
American  Bridge  Company  Standard  Lacing  Bars. 
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the  total  direct  axial  load  on  the  member.  In  columns  composed  of 
channels,  angles,  etc.,  the  flange  area  is  ordinarily  sufficient  to  carry 
this  shear  without  producing  large  stresses  in  the  lacing  bars.  The 
moment,  M',  due  to  the  eccentric  loading  is  M'  =  Pe,  where  P  =  the 
total  direct  load  on  the  column  and  e  =  the  eccentricity  of  the  loading. 
The  lacing  bars  will  take  the  shear  due  to  this  bending  moment,  if  the 
flanges  are  light.  It  will  be  seen  from  the  foregoing  that  the  stresses 
in  lacing  bars  depend  (i)  upon  the  make-up  of  the  column,  (2)  upon 
the  care  used  in  building  the  column,  and  (3)  upon  the  eccentricity  of 
the  loading. 

For  a  column  with  a  concentric  loading,,  experiments  show  that  the 
allowable  unit  stress  may  be  represented  by  the  straight  line  formula 
/>  =  16,000  —  70 //r  lbs.  per  sq.  in.,  where  /^  =  allowable  unit  stress  in 
the  member ;  /  =  length  of  the  member,  c  to  c  of  end  connections,  and 
r  =  radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allow- 
able unit  stress  on  a  short  block  is  16,000  lbs.,  and  the  70  l/r  repre- 
sents the  increase  in  the  fiber  stress  in  the  column.  Now  if  we  assume 
that  this  fiber  stress  is  caused  by  a  horizontal  load,  W,  applied  at  the 
center  of  the  height  of  the  column,  then  lV'l/4  =  70 1-l/r-y,  where  /  = 
moment  of  inertia  of  the  cross-section  of  the  column  =  /i-r*,  ^yhere  A 
=  the  area  of  the  cross-section  of  the  column,  and  ;y  =  the  distance 
from  the  neutral  axis  of  column  to  the  extreme  fiber  in  the  plane 
parallel  to  the  plane  of  the  lacing  bars.  Then  JV -1/4  =  yoA-r^- l/r -y, 
and  IV  =  280  A  -r/y.  Now  the  shear  in  the  column  will  be  IV/2,  and  the 
shear  is  5"=  140 A  -r/y,  and  the  stress  in  a  lacing  bar  will  be  =  140  A  -r/y 
CSC  $,  where  tf  =  the  angle  made  by  the  bar  with  the  axis  of  the  column. 
This  shows  that  the  stresses  in  the  lacing  bars  in  the  column  with  a 
concentric  loading  depend  upon  the  make-up  of  the  column,  and  are 
independent  of  the  length  of  the  column. 

Details  of  Compression  Members. — The  details  of  the  end-post 
LqU^  and  top  chord  f/if/j  of  ^  highway  camel-back  truss  are  given  in 
F^S-  ^79'  "  Batten  plates  should  be  placed  as  near  the  ends  of  the 
member  as  practical,  should  have  a  thickness  not  less  than  %o  the 
distance  between  centers  of  rivets  at  right  angles  to  the  axis  of  the 
member,  and  should  have  a  length  not  less  than  the  greatest  width  of 
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Fig.  i8o.    American  Bridge  Company's  Standards  for  Rivets  and  Riyeting 
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the  member  or  ij  times  the  least  width  of  the  member."  Tlie  distance 
between  rivets  is  i'  J"  and  the  thickness  should  be  greater  than  J" 
(should  be  A")>  the  length  should  not  be  less  than  ij  times  12"  or 
i'  6".     The  top  cover'  plate  satisfies  the  specifications  for  minimum 
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Fig,  181.    Conventional  Signs  for  Rivets. 
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thickness.  The  rivet  spacing  in  the  line  of  stress  should  not  be  greater 
than  1 6  times  the  thickness  of  the  thinnest  outside  plate  (16XA'' 
=  5")  or  6".     This  specification  is  not  fulfilled  near  the  center. 

"  The  rivet  spacing  should  not  be  less  than  three  diameters  of  rivet." 
Rivets  are  f  inch  and  the  specifications  are  fulfilled.  "  For  a  length 
from  the  end  equal  to  twice  the  width  of  the  member  the  rivet  spacing 
should  not  exceed  4  times  the  diameter  of  the  rivet."  This  specifica- 
tion is  fulfilled  for  L^^U^  and  is  practically  fulfilled  for  U^Uz*  "  Where 
pin  plates  are  used  at  least  one  pin  plate  must  extend  6  inches  beyond 
the  edge  of  the  nearest  batten  plate."  This  specification  is  fulfilled 
for  U1U2,  but  is  not  fulfilled  for  L^Ui.  The  lacing  bars  satisfy  the 
American  Bridge  Company's  standards  for  t  =  c/50,  but  not  for 
t  =  c/40.  The  rivets  in  the  pin  plates  are  arranged  symmetrically  with 
reference  to  the  pin  centers.  This  may  or  may  not  be  symmetrical 
with  the  neutral  axis  of  the  member.  The  details  of  the  joint  at  pin 
Ui  are  clearly  shown.     For  specifications  for  riveting  see  Appendix  I. 

Angles. — The  areas  of  angles  are  given  in  Table  XXV,  while  the 
weights  of  angles  are  given  in  Table  XXVI. 

Rivets. — The  standard  form  of  rivets,  as  used  by  the  American 
Bridge  Company  for  structural  and  bridge  work,  are  given  in  Fig.  180, 
together  with  other  standards  for  riveting.  The  spacing  of  rivets  in 
the  legs  of  angles  and  the  maximum  sizes  of  rivets  are  given  in  Fig. 
180.  The  American  Bridge  Company's  conventional  signs  for  rivets 
are  given  in  Fig.  181.  The  spacing  of  rivets  in  the  flanges  of  channels 
and  the  maximum  sizes  of  rivets  are  given  in  Table  XXVII,  and  for  I 
beams  in  Tables  XXVIII  and  XXIX. 

The  shearing  and  bearing  values  of  rivets  for  several  different  unit 
stresses  are  given  in  Tables  XXX  and  XXXI. 

For  the  allowable  stresses  on  |  and  f  inch  rivets  in  the  trusses, 
floor  system  and  laterals  of  highway  bridges,  according  to  Cooper's 
Specifications,  see  Table  LXXVI  and  Table  LXXVII,  respectively. 

ANCHOR  BOLTS. — Three  common  forms  of  anchor  bolts  are 
given  in  Fig.  182.    The  wedge  bolt  in  (a)  is  driven  over  the  wedge 


1  WEIGHTS   OF   ANGLES. 

TABLE  XXV. 

Caknegie  Angles. 
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TABLE  XXVI. 

Carnegie  Angles. 

Areas  in  Square  Inches. 
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TABLE  XXVII. 
Carnegie  Channels. 
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TABLE  XXVm. 
Carnegie  I -Beams. 
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DIMENSIONS  OF  I-BEAMS.* 

TABLE  XXIX. 
Cabvegie  I -Beams. 
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I 


(CO  (b)  (c> 

Fig.   182.    Anchor  Bolts. 

TABLE  XXXII. 

Table  of  Areas  in  Square  Inches,  to  be  Deducted  from  Riveted  Plates  or 

Shapes  to  Obtain  Net  Areas. 


^  S  " 
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SiZB  < 
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In  calculating  the  net  area  add  l4  inch  to  diameter  of  rivet  before  entering 
the  table. 
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TABLE  XXXIIL 

Bridge  Pins  with  Lohias  Nuts.    American  Bridge  Company  Standards. 

All  Dimensions  in  Inches. 
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Standard  Dimbmsioms. 


6  Threads  per  Inch. 
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3X 
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iH 
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X 
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3il 
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4A 
4A 
4A 


5 
5 

sH 

6^ 
7 
7 
7 


5^ 

7H 
7H 


2.5 
2.5 
2.5 
2.5 
30 
3.0 
3.0 

5.5 

5.5 
7.0 

7.0 

7.0 

8.5 
8.5 

II.O 
II.O 
II.O 


6X 

5 

2X 

X 

6X 

5 

2X 

X 

f>H 

sX 

2X 

X 
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sX 

2X 

X 

7X 

sX 

2>^ 

X 

7X 
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2H 

X 
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2H 

X 
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8if 
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4H    7X 

8H 

12.0 

sA 

8X 

9X 

13.5 

5ter 

8X 

9}i 

13-5 

5A 

8X 
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13.5 

5H 

9 

io}i 

17.0 

5H 
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loH 

17.0 

o 
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<< 
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2X 
2>i 
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3X 
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3^ 
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4>^ 

4^ 

5 

5X 

5^ 
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6X 

7 

7>i 

7H 
8 


Note. — To  obtain 
given  in  table. 


grip  "C7"  add   ^n''  for  each  bar,  together  with  amount 
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placed  in  the  hole.  Bolts  (b)  and  (c)  are  placed  in  the  hole  which 
is  then  filled  with  Portland  cement,  sulphur  or  lead.  Where  anchor 
bolts  are  to  take  direct  stress  they  should  be  made  long  enough  so 
that  the  weight  of  the  masonry  will  more  than  equal  the  strength  of 
the  bolt.  A  usual  specification  for  anchorage  is  that  the  weight  of  the 
masonry  shall  be  one  and  one-half  times  the  anchoring  stress. 

TABLE  XXXIV. 
Maximum  Allowable  Bending  Moments  in  Pins  for  Various  Fiber  Stresses. 


Pin. 

Moments  in  Inch  Pounds 

FOR   FiBBR  StRBSSBS   PBR  SqUARB   InCH   OF 

Diam. 

lQ8. 

Area. 

15,000 

18,000 

ao,ooo 

29/XX> 

25,000 

I 

0.785 
1.227 

1.767 

2405 

1,470 
2,880 

4»97o 
7,890 

1,770 

3450 
5*960 
9470 

1,960 

3.830 

6,630 

10,500 

2,160 

4,220 

7,290 

11.570 

2,450 

4,790 

8,280 

13.200 

2 

3-142 
3.976 
4.909 
5.940 

11,800 
16,800 
23,000 
30,600 

14,100 
20,100 
27,600 
36,800 

15.700 
22,400 
30,700 
40,800 

17,280 
24,600 
33.700 
44,900 

19,600 
28,000 
38,400 
51,000 

3J< 
3M 
3^ 

7.069 

8.296 

9.621 

11.045 

39»8oo 
50,600 
63,100 
77,700 

47»7oo 
60,700 
75,800 
93,200 

53.000 

67,400 

84,200 

103,500 

58,300 

74,100 

92,600 

113,900 

66,300 

84,300 

105,200 

129,400 

4 
4J< 

12.566 
14.186 

15.904 
17.721 

94,200 
113,000 
134,200 
157,800 

ii3»ioo 
135.700 
161,000 
189,400 

125,700 
150,700 
178,900 
210,400 

138,200 
165,800 
196,800 
231,500 

157.100 
188,400 
223,700 
263,000 

5'A 

19.635 
21.648 

23.758 

25.967 

184,100 
213,100 
245,000 
280,000 

220,900 
255.700 
294,000 
335.900 

245,400 
284,100 
326,700 
373.300 

270,000 
312,500 
359.300 
410,600 

306,800 
355.200 
408,300 
466,600 

6 

6H 

28.274 
30.680 

33.183 
35.785 

318,100 
359.500 
404,400 
452,900 

381,700 
431,400 
485.300 
543.500 

424,100 
479.400 
539.200 
603,900 

466,500 
527.300 
593.  100 
664,200 

530,200 
599,200 
674,000 
754,800 

7 

7% 
7% 
7U 

38485 
41.282 

44.179 
47.173 

505,100 
561,200 
621,300 
685,500 

606,100 
673.400 
745.500 
822,600 

673.500 
748,200 
828,400 
914,000 

740,800 

823,000 

911,200 

1,005,300 

841,900 

935.300 

1,035.400 

1,142,500 

8 
8X 

50.265 

53456 

56.745 
60.132 

754,000 
826,900 
904,400 
986,500 

904,800 

992,300 

1,085,200 

1,183,800 

1,005,300 
1,102,500 
1,205,800 
1,315,400 

1,105,800 
1,212,800 
1,326,400 
1,446,900 

1,256,600 
1,378,200 

i,507»3oo 
1,644,200 
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PINS. — The  American  Bridge  Company's  standard  bridge  pins 
with  Lomas  nuts  are  given  in  Table  XXXIII.  Square  nuts  are  some- 
times used.  The  figured  grip  for  Lomas  nuts  is  increased  as  shown 
to  make  sure  that  the  pin  has  a  full  bearing.  Where  square  nuts  are 
used  a  washer  should  be  provided  at  one  end  and  the  grip  should  be 

TABLE  XXXV. 

American  Bridge  Company  Standard  Cotter  Pins. 

All  dimensions  in  inches. 

M 
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Note. — Use  pins  with  lomas  nuts,  in  preference  to  cotter  pins,  whenever 
possible. 

increased  accordingly.  In  calculating  the  grip  it  is  usual  to  assume 
that  bars  may  be  -^  inch  thicker  than  the  figured  thickness,  that  riveted 
members  may  be  i  inch  wider  or  narrower  than  the  figured  dimensions. 
Members  should  be  packed  on  the  pin  so  that  the  bending  moments 
will  be  as  small  as  possible.  Steel  pilot  nuts  and  points  for  protecting 
the  threads  of  the  pin  are  shown  in  Fig.  183a  and  Fig.  183^,  respect- 


(o)  Pilot  Nut.  (b)  Pilot  Point. 

Fig.  183.    Amebjcan  Bbioge  Company  Pilot  Nuts  and  Points. 

ively.  The  allowable  bending  moments  on  pins  for  different  fiber 
stresses  are  given  in  Table  XXXIV.  The  method  of  calculating  the 
stresses  in  pins  is  described  in  detail  in  Chapter  VIII. 

Lateral  Pins. — The  American  Bridge  Company's  standard  cotter 
pins  are  given  in  Table  XXXV.  These  pins  are  used  only  for  laterals 
and  other  similar  members. 

CAST.  WASHERS.— The  weight  of  cast  O  G  washers  are  given 
in  Table  XXXVI. 

TABLE  XXXVI. 
Standabd  Cast,  O  G  Washers. 
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CHAPTER   XIV. 
The  Details  of  Highway  Bridge  Members. 

FLOORBEAMS. — Floorbeams  for  highway  bridges  are  made  of 
rolled  I  beams  or  riveted  plate  girders.  Joists  or  stringers  are  made 
either  of  rolled  I  beams  or  of  timber,  wooden  beams  being  now  used 
only  for  unimportant  country  bridges.  Stringers  on  electric  railway 
bridges  are  sometimes  made  of  plate  girders.  Floorbeams  may  be  riv- 
eted to  the  posts  or  hung  from  the  lower  chord  pins.  The  floorbeams 
of  deck  bridges  are  sometimes  carried  directly  on  the  top  chords. 
Several  different  types  of  floorbeam  connection  are  shown  in  Fig.  184. 
Floorbeams  may  be  riveted  above  the  lower  chord  or  may  be  suspended 
below  the  lower  chord.  The  first  method  gives  the  most  rigid  struc- 
ture, while  the  second  method  is  the  cheapest  type  of  construction. 
The  rod  hanger  in  (a)  was  formerly  much  used  for  all  classes  of  high- 
way bridges,  but  is  now  seldom  used  ^cept  for  light  country  bridges. 
Plate  hanger  (b)  is  used  for  the  floorbeam  at  the  foot  of  the  hip 
vertical,  while  (c)  is  used  for  the  floorbeams  at  intermediate  posts. 
Unless  great  care  is  used  in  the  design  and  erection,  suspended  floor- 
beams  are  liable  to  lack  rigidity.  The  riveted  connections  in  (d)  and 
(f)  are  cheap  and  effective.  The  connection  in  (e)  is  eccentric  but  is 
quite  effective.  Connection  (h)  is  very  satisfactory.  Connection  (g) 
is  a  special  connection.  Details  of  floorbeams  riveted  above  the  lower 
chords  are  shown  in  Figs.  148,  150,  159,  161  and  169;  while  details  of 
floorbeams  riveted  below  the  chords  are  shown  in  Figs.  151,  154,  157, 
158,  163,  166  and  285.  Details  of  riveted  plate  girder  floorbeams  are 
given  in  Fig.  185.  The  details  of  a  lattice  floorbeam  are  given  in 
Fig.  186. 

Details  of  sidewalk  brackets  are  shown  in  Figs.  185,  186,  193  and 
194.     This  detail  should  be  designed  with  care. 
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Joists  may  be  carried  directly  on  the  tops  of  the  floorbeams  or  on 
shelf  angles  riveted  to  the  web  plates  of  the  floorbeams.  For  timber 
floor  plank,  joists  should  not  be  spaced  at  greater  distances  than  one  foot 
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Fic.  184,    Floorbeam  Connections  fok  Highway  Bridges. 
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for  each  inch  in  thickness  of  the  floor  plank,  with  a  maximum  spacing 
of  three  feet.     Joists  for  other  coverings  are  spaced  as  required. 


Fic.  185.    Plate  Gibder  Floorbeam  and  Sidewalk  Bracket. 


HIGHWAY  BRIDGE  FLOORS.— Highway  bridge  floors  are 
made  of  timber  as  in  Figs,  14T,  145,  15S,  162  and  285 ;  reinforced  con- 
crete as  in  Figs.  143,  154,  188,  191  and  192;  buckle  plate  floor  as  in 
Figs.  169  and  186;  corrugated  steel  floor,  Z-bar  floor,  or  angle  and  plate 
floor  filled  with  concrete  as  in  Fig.  190;  Buckeye  steel  floor  as  in  (a) 
Fig.  192;  or  Multiplex  steel  floor  as  in  (b)  Fig.  192.  For  specifica- 
tions for  floors,  see  Chapter  II  and  Appendix  I. 


Fig.  186.    Lattice  Floorbeam  and  Solid  Buckle  Plate  Floor. 

Plank  Floors. — The  wearing  surface  should  be  of  white  oak  or 
similar  timber  laid  transversely  of  the  bridge.  Where  two  layers  of 
plank  are  used  the  lower  layer  is  commonly  laid  diagonally.  Planks 
should  be  laid  from  i  to  ^  inch  apart  so  that  water  will  not  be  retained 
but  will  run  through  and  give  the  planks  an  opportunity  to  dry  out. 
Where  more  than  one  layer  of  planks  is  used  the  moisture  is  retained 
and  decay  is  quite  rapid  unless  precautions  are  taken  to  protect  the 
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timber.  A  liberal  application  of  coal  tar  to  the  surfaces  that  are  not 
exposed  will  prolong  the  life  of  the  floor  materially.  If  possible,  tim- 
ber treated  by  a  preservative  process  should  be  used  for  floors  composed 
of  more  than  one  layer  of  plank.  E^ch  plank  should  be  solidly  spiked 
to  the  joists,  using  40d  spikes  for  planks  2j  inches  thick  and  under,  and  t' 

6od  spikes  for  planks  from  2^  to  4  inches  thick.     Where  steel  joists  are  'J 

used,  spiking  strips  about  3"  X  8"  are  bolted  to  the  tops  of  all  joists,  I 

or  spiking  strips  4"  X  6"  are  bolted  to  the  sides  of  three  lines  of  joists  J 

under  each  plank  length.     When  the  latter  method  is  used  the  floor  I 

planks  are  fastened  to  the  intermediate  joists  by  bending  spikes,  driven  I 

through  the  floor  plank,  around  the  upper  flanges  of  the  joists.  Two 
channels  with  a  3"  X  6"  spiking  piece  are  sometimes  used  for  the 
center  line  of  joists.  Channels  are  commonly  used  for  the  outside 
joists.  For  specifications  for  plank  floors,  see  Chapter  11  and  Appen- 
dix I. 

Reitiforced  Concrete  Floors. — Reinforced  concrete  floors  are  de- 
signed as  in  Chapter  XVII.     The  lower  edge  is  reinforced  with  expanded 


Fig.  187.    Details  of  a  Rh-eted  Floohbeam, 

metal  as  in  Figs.  143  and  191 ;  with  rods  as  in  Fig.  154,  or  with  wire 
netting  or  other  form  of  reinforcement.  The  wearing  surface  of  the 
roadway  of  reinforced  concrete  floors  is  commonly  made  of  asphalt 
as  in  Fig.  191,  of  paving  brick  as  in  Fig.  172,  of  wooden  blocks  or  other 
form  of  pavement.  Recently  the  wearing  surface  has  been  made  of 
roughened  concrete,  but  its   use  is   still   in  the  experimental   stage. 


I. 
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(Roughened  concrete  wearing  surfaces  on  bridges  in  Denver,  Colo., 
are  giving  excellent  satisfaction.)  The  wearing  surfaces  of  footwalks 
are  made  of  concrete  with  a  cement  finish  as  for  sidewalks.     Care 


Fig.  i88.    Concrete  Sidewalk  Floor. 

should  be  used  to  provide  an  expansion  joint  at  one  end  (at  the  ex- 
pansion end)  of  the  bridge.  This  may  be  accomplished  by  means  of  a 
bent  plate  filled  with  asphalt  placed  between  the  end  of  the  floor  and 
the  abutment,  or  as  in  Fig.  1916. 


Fig.  189.    Buckle  Plates. 

Buckle  Plates. — Buckle  plates  are  made  by  "  dishing  "  flat  plates  as 
in  Table  XXXVII.  The  width  of  the  buckle  W  or  length  L,  varies 
from  2'  6"  to  5'  6".     The  buckles  may  be  turned  with  the  greater 

m 

dimension  in  either  direction  of  the  plate.     Several  buckles  may  be  put 


(d) 


PiBneoya  Corrugated  Ftoorm^  Z  BarFToor 

(CO  (b)  (c) 

Fig.  190.    Corrugated  Steel  Floors. 


in  one  plate,  all  of  which  must  be  the  same  size  and  symmetrically 
placed.     Buckle  plates  are  made  J",  VV"»  ¥'  and  -Z^"  in  thickness.    The 
common  standard  sizes  are  given  in  Table  XXXVII. 
19 
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TABLE  XXXVII. 
American  Bridge  Company's  Standard  Buckle  Plates. 
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Plates  are  made  }'^  ^/',  \'f  or  ^/^  thick. 

Buckles  of  diflferent  sizes  should  not  be  used  in  the  same  plate. 

Rivets  generally  {^^  or  \'^  diameter. 

Buckle  plates  should  be  firmly  bolted  or  riveted  around  the  edges 
with  a  maximum  spacing  of  6  inches,  and  should  be  supported  trans- 
versely between  the  buckles.  The  process  of  buckling  distorts  the 
plate  and  an  extra  width  should  be  ordered,  and  the  plate  trimmed 
after  the  process  is  complete. 

Strength  of  Buckle  Plates. — The  safe  load  for  a  buckle  plate  with 
buckles  placed  up,  is  approximately  given  by  the  formula 

W  =  4f-R't 

where  W^= total  safe  uniform  load; 
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/=safe  unit  stress  in  pounds  per  square  inch; 
i?  =  depth  of  buckle  in  inches; 
^= thickness  of  plate  in  inches. 

Where  buckle  plates  are  riveted  and  the  buckles  placed  down,  the  safe 
load  is  from  3  to  4  times  that  given  above. 
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Fig.  igifl.    Floor  of  Harrison  Street  Plate  Girder  Bridge,  Princeton,  N.  J. 

(American  Bridge  Co.) 

• 

Buckle  plates  are  usually  fastened  to  the  tops  of  the  stringers  as  in 
Fig.  i86,  but  may  be  fastened  to  the  bottom  flanges  as  in  Fig.  194. 
The  space  above  the  buckle  plates  may  be  filled  with  asphalt  as  in  Fig. 
186,  or  with  concrete  with  a  finished  pavement  as  in  Fig.  194. 

Corrugated  Steel  Floors. — The  steel  floors  shown  in  Fig.  190  are 
used  on  heavy  city  and  on  railroad  bridges.  The  space  above  the  plates 
is  filled  with  either  asphalt  or  concrete,  and  a  covering  is  used  as  for 
concrete  floors.     For  electric  and  steam  railways  the  ties  are  sometimes 
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Fig.  191&.    Detail  of  Floor  of  Harrison  Street  Plate  Girder  Bridge,  Prince- 
ton, N.  J.     (American  Bridge  Co.) 

laid  on  ballast  in  the  troughs.  The  details,  weights  and  safe  loads  for 
corrugated  plates  are  given  in  Pencoyd  Iron  Works'  handbook,  in 
Carnegie  Steel  Company's  handbook,  and  in  Trautwine's  Pocket-book. 
Details  of  corrugated  plates  are  also  given  in  the  American  Bridge 
Company's  "  Standards  for  Structural  Details." 

Corrugated  flooring  or  trough  plates  are  usually  very  hard  to  get 
and  the  Z-bar  and  plate  floor  shown  in  (c)  Fig.  190,  and  the  angle  and 
plate  floor  shown  in  (d)  are  substituted.  The  details,  weights  and  safe 
loads  for  Z-bar  and  plate  flooring  are  given  in  the  handbooks  above 
named.  Angle  and  plate  flooring  is  made  of  equal-legged  angles  and 
plates,  and  the  safe  loads  are  not  given  in  the  handbooks  but  must  be 
calculated.  The  moment  of  inertia,  I,  of  a  section  of  flooring  contain- 
ing two  angles  and  two  plates  is  given  by  the  formula 

where  /'  =  moment  of  inertia  of  one  angle  about  an  axis  through  the 
center  of  gravity  of  the  angle  parallel  to  the  neutral  axis  of  the  flooring ; 
A  =  area  of  one  angle ;  d  =  distance  from  center  of  gravity  of  the 
angle  to  the  neutral  axis  of  the  flooring;  7"  =  moment  of  inertia  of 
the  plate  about  the  neutral  axis. 

The  properties  of  the  angles  required  in  the  calculations  may  be 
obtained  from  the  handbooks,  and  /"  is  equal  to  one-half  the  sum  of 
the  moments  of  inertia  of  the  plate  about  its  long  and  its  short  diam- 
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eter — since  the  sum  of  the  moments  of  inertia  about  any  pair  of  rectan- 
gular axes  is  a  constant. 

"Buckeye"  Steel  Flooring. — The  corrugated  steel  floor  manufac- 
tured by  the  Youngstown  Iron  and  Steel  Roofing  Co.,  Youngstown, 
Ohio,  is  shown  in  (a)  Fig.  192.  The  space  above  the  troughs  is  filled 
with  asphalt  or  with  concrete  as  in  other  forms  of  steel  flooring.  The 
weights  and  safe  loads  are  given  in  the  manufacturer's  catalog. 

"  Multiplex "  Steel  Flooring. — The  corrugated  steel  floor  manu- 
factured by  the  Berger  Mfg.  Co.,  Canton,  Ohio,  is  shown  in  (b)  Fig. 
192.  The  space  above  the  troughs  is  filled  with  asphalt  or  concrete. 
The  weights  and  safe  loads  are  given  in  the  manufacturer's  catalog. 
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PORTALS. — Portals  for  bridges  should  be  designed  so  as  to  be 
simple  in  makeup  and  with  statically  determinate  stresses.  The  most 
common  types  of  portals  are  shown  in  Fig.  99  and  Fig.  loi  in  Chapter 
VII.  The  portals  shown  in  (a)  and  (b)  Fig.  99,  and  in  Fig.  loi,  are 
the  types  most  commonly  used.  Details  of  portals  are  shown  in  Figs. 
163,  r66,  167,  169  and  285,  while  views  of  portals  are  shown  in  Figs. 
10,  16  and  165.  The  American  Bridge  Company's  standard  portal  for 
highway  bridges  is  shown  in  Fig.  16,  although  this  company  probably 
builds  more  bridges  with  portals  like  (a)  Fig.  99.     The  portal  bracing 
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should  either  be  placed  in  the  plane  of  the  center  line  of  the  end-posts, 
as  in  Figs.  i6  and  163,  or  the  portal  should  be  box-laced  with  the  same 
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Fig.  193.    Cross-section  of  Highway  Bridge. 


Fio.  194.    Details  of  Concrete  Floor. 

deptli  as  the  posts  at  right  angles  to  the  plane  of  the  end-posts.  The 
top  portal  strut  should  be  fastened  as  in  Figs.  16,  163,  or  285,  and  in 
no  case  should  it  be  fastened  directly  to  the  chord  pin  t/,. 


Portal  bracing  should  always  be  made  of  angles  or  other  sections 
with  riveted  connections.  Where  cover  plates  are  not  used,  the  end- 
posts  should  be  strengthened  with  diaphragm  plates  at  the  foot  of  the 
portal  knee  braces. 

It' 


Fig.  195.    Details 


I  Roller  Nest  fob  the  Highway  Bridge  i 
:;.  169. 


The  members  in  a  bridge  portal  are  subject  to  reversals  of  stress, 
and  this  should  be  considered  in  the  design.  The  best  section  for 
portals  of  highway  bridges  is  two  unequal-le^ed  angles,  placed  back 
to  back  with  the  long  legs  placed  outward. 

Sway  Bracing. — Sway  bracing  is  similar  to  portal  bracing  and 
should  be  designed  in  the  same  manner.     Where  the  head  room  is  lim- 
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ited  knee-braced  lateral  struts  are  sometimes  substituted  for  sway 
bracing,  as  in  (f)  Fig.  99.  The  analysis  of  this  problem  is  given  in 
Chapter  VII. 
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Fig.  196.  Details  of  Shoes  and  Roller  Nest  for  a  Highway  Bridge. 

SHOES  AND  PEDESTALS.— The  bridge  rests  on  shoes  or  ped- 
estals, the  loads  being  transferred  to  the  shoes  in  pin-connected  bridges 
by  means  of  pins,  and  through  the  riveted  Joints  in  riveted  bridges. 


SHOES  AND  PEDESTALS. 


Fig.  197.    Secubntal  Rollers. 

TABLE  XXXVIII. 
Roller  Nests,  Voungstown  Bridge  Company  Stakdakds. 
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The  shoes  at  the  expansion  ends  of  the  bridge  are  placed  on  smooth, 
sliding  plates  for  bridges  of  less  than,  say,  70  feet  span,  and  on  nests 
of  rollers  for  spans  of  greater  length.  The  action  of  the  rollers  under 
the  expansion  ends  of  riveted  bridges  will  be  much  more  satisfactory 
if  the  shoes  are  pin-connected  to  the  truss  the  same  as  for  pin-connected 
trusses.  Rollers  should  be  made  with  as  large  diameters  as  practi- 
cable in  order  to  reduce  the  pressure  on  the  base  plate  and  also  to  reduce 
the  resistance  to  movement.     Experience  shows  that  even  for  light 
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bridges  rollers  smaller  than  3"  diameter  are  practically  worthless.  To 
economize  space,  segmental  rollers,  as  shown  in  Fig,  197,  are  often 
used  for  heavy  spans. 


IS    ^ 


£xparn!on  End. 
5S6fhinel  Spans. 


Fro.  198.    Shoes  for  Riveted  Highway  Bridge.     (A. 


Bridge  Ca) 


It  is  usual  to  specify  that  a  movement  produced  by  a  variation  of 
150  degrees  Fahr.  be  provided  for.  The  coefficient  of  expansion  of 
steel  is  approximately  0.0000067  P^*"  degree  Fahr.,  which  makes  it  nec- 
essary to  provide  for  approximately  one  inch  of  movement  for  each 
80  feet  of  bridge  span. 


i^/eif/3  fyr  Boffom  Latem/s. 
Ji-ffafesfBr'^Laierals. 

Fia    199.    Shoes  and   Floor  Details   tof   Pin-connected  Highway  Bridges. 
(American  Bridge  Co.) 

Details  of  shoes  and  rollers  for  highway  spans  are  shown  in  Figs, 
195  and  196.  Other  details  are  shown  in  Figs.  163  and  285.  Where 
both  bridge  seats  are  of  the  same  height,  the  fixed  end  is  carried  on  cast 
iron  pedestal  blocks.  The  blocks  are  usually  made  with  recesses 
(honey-combed)  to  reduce  the  weight.  The  shoes  and  other  details  of 
the  American  Bridge  Company's  standard  highway  bridges  are  shown 
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in  Fig.  198  and  Fig.  199.     For  the  calculation  of  stresses  in  rollers, 
see  Chapter  VIII. 

The  Youngstown  Bridge  Company's  standard  roller  nests  for  high- 
way bridge  spans  are  given  in  Table  XXXVIII, 

FENCE  AND  HUB  GUARDS.— The  simplest  form  of  fence  is 
that  shown  in  (b)  Fig.  200.     The  posts  are  made  of  4"  X  4"  pieces  and 
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Fic.  200. 

are  spaced  about  8  feet  apart.  The  top  railing  is  made  of  two  pieces 
2"  X  4".  while  the  side  piece  is  a  2"  X  8".  Similar  details  are  used  for 
steel  Joists.  The  4"  X  6"  felloe  guard  should  be  firmly  bolted  to  the 
floor.  Blocks  of  wood  i  or  2  inches  thick,  called  "  shims,"  are  some- 
times placed  between  the  felloe  guard  and  the  floor.  Shims  are  of 
questionable  utility,  and  should  not  be  used.  A  gas  pipe  fence  with 
angle  rail  is  shown  in  (a)  Fig.  200. 

A  gas  pipe  railing  with  angle  posts  is  shown  in  Fig,  141 ;  while  a 
gas  pipe  railing  with  gas  pipe  posts  is  shown  in  Fig.  201.  The  posts 
should  be  spaced  not  more  than  8  feet  apart.  The  rail  in  Fig.  201 
was  used  in  the  Pennsylvania  Ave.  Subway,  Philadelphia,  and  was 
furnished  at  $0.95  per  lineal  foot.     An  ornamental  fence  with  pipe  top 
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Fig.  203- 

rail  and  cast  iron  newel  posts  is  shown  in  Fig.  202.  This  rail  was  used 
on  the  same  contract  as  that  shown  in  Fig.  201,  and  was  furnished  at 
$2.00  per  lineal  foot.     The  fence  shown  in  Fig.  203  and  the  fence 
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shown  in  Fig,  204  are  good  examples  of  elaborate  and  expensive  fences. 
The  fence  shown  in  Fig.  205  was  used  on  the  bridge  shown  in  Fig.  169. 


Fic.  205. 

CRESTINGS. — Crestings  are  sometimes  used  on  the  tops  of  por- 
tals of  through  bridges.  The  crestings  shown  in  Fig.  206  will  give  an 
idea  of  this  detail.     Crestings  are  also  ma<le  of  cast  iron. 


Fig.  206.    Cresting. 

LATERAL  CONNECTIONS.— The  connections  of  riveted  lat- 
erals are  made  by  riveting  to  lateral  plates  in  the  lower  lateral  system 
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and  by  riveting  directly  to  the  tops  of  the  chords  in  the  upper  lateral 
system.  Where  rods  are  used  for  laterals  special  connections  are 
required. 

Upper  Lateral  Connections. — ^The  King  Bridge  Company's  stan- 
dard upper  lateral  connections  are  given  in  Figs.  207,  208  and  209. 
These  connections  are  riveted  to  the  top  chords  of  the  bridge.     This 
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detail  is  quite  generally  used  by  bridge  companies.  Lateral  connections 
may  be  made  by  the  use  of  three  angles  as  shown  on  the  11 1'  6"  steel 
riveted  highway  bridge  over  the  Illinois  and  Mississippi  Canal  in  Fig. 
163.  Lateral  connections  may  also  be  made  by  bending  a  short  piece 
of  channel  as  in  Fig.  285.  Loop-bars  and  clevises  are  used  as  shown 
in  Fig.  199. 
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Lower  Lateral  Connections. — The  King  Bridge  Company's  stan- 
dard lower  lateral  connections  are  given  in  Tables  XXXIX,  XL  and 
XLI.    The  connections  in  Table  XXXIX  are  intended  for  intermediate 
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floorbeams,  while  the  connections  in  Table  XL  are  for  end  floorbeams. 
Similar  connections  are  used  by  the  American  Bridge  Company  as 
shown  in  Figs.  157  and  199,  and  with  clevis  connections  as  shown  in 
Fig.  199.  Rods  with  bent  loops  are  used  in  Fig.  167;  this,  however,  is 
very  poor  practice.  The  weights  of  washers  to  be  used  with  King 
Bridge  Company  lateral  connections  are  given  in  Table  XLII. 


DETAILS    OF    HIGHWAY    BRIDGE    MEMBERS. 


TABLE  XXXIX. 
Lower  Lateral  Comnections,  King  Budge  Ca 
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TABLE  XL. 
Lower  Lateral  Connections,  King  Bridge  Ca 
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TABLE  XLT! 

Lower  Lateral  Connections,  King  Bridge  Co. 

Dimensions  in  Inches. 
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TABLE  XLII. 
Cast  Washers  for  Lower  Lateral  Connections. 
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CHAPTER  XV. 

The  Design  of  Abutments  and  Piers. 

Introduction. — An  abutment  is  a  structure,  commonly  made  of 
masonry,  that  supports  the  ends  of  the  bridge  and  acts  as  a  retaining 
wall  to  hold  back  the  earth  fill.  A  pier  is  a  structure  that  supports 
the  ends  of  the  bridge  where  there  is  no  filling  to  support. 

ABUTMENTS. — Abutments  are  made  (i)  with  a  straight  main 
section  without  wings,  (2)  with  wings  making  an  angle  of  from  30  to 
45  degrees  with  the  axis  of  the  stream,  (3)  with  a  T-section,  the  stem 
of  the  T  running  back  into  the  fill,  and  (4)  with  a  U-section,  where 
the  wings  make  an  angle  of  90  degrees  with  the  axis  of  the  stream. 
Highway  bridge  abutments  are  usually  made  with  wing  walls,  the 
wings  making  an  angle  of  30  to  45  degrees  with  the  face  of  the  abut- 
ment. The  abutment  with  wing  walls  holds  the  filling  and  gives  a 
freer  channel  than  any  of  the  other  types. 

The  main  part  of  the  abutment  should  be  designed  to  carry  the  load 
and  to  take  the  thrust  of  the  earth  filling.  A  common  rule  is  to  make 
the  minimum  thickness  of  the  main  wall  not  less  than  0.4  the  height, 
and  then  project  the  footing  course  6"  to  8"  on  all  sides.  The  bearing 
of  the  masonry  on  the  foundation  should  not  be  greater  than  the  values 
given  in  Table  XLIV.  Careful  tests  should  always  be  made  and  the 
values  given  should  only  be  used  as  an  aid  to  the  judgment.  The 
specific  gravity,  weight  and  crushing  strength  of  masonry  are  given  in 
Table  XLIII.     A  factor  of  safety  of  from  6  to  10  should  be  used. 

The  pressure  of  the  bearing  plates  on  the  bridge  seats  should  not 
exceed  600  lbs.  per  sq.  in.  for  granite  masonry  and  Portland  cement 
concrete,  and  400  lbs.  per  sq.  in.  for  sandstone  and  limestone. 

Stability  of  Bridge  Abutments  Without  Wings. — A  bridge  abut- 
ment must  be  stable  (i)  against  overturning,  (2)  against  sliding,  and 
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TABLE  XLIII. 
Weight,  Specific  Gravity  and  Crushing  Strength  of  Masonry. 


Materials. 


Sandstone. 

Limestone. 

Trap 

Marble 

Granite 

Paving  brick,  Portland  cement 

Stone  ooncrete,  Portland  cement 

Cinder  concrete,  Portland  cement .... 


Wei|(ht  in  Pouncb 
per  Cable  Foot. 


150 
160 
180 
16S 
16S 
150 

140  to  150 

112 


Specific 
Gravity. 


2.4 
2.6 
2,9 

2.7 

2.7 
2.4 

2.2  to  2.4 

1.8 


Crushing  Strength  in 
Pounds  per  Square  Inch 


4,000  to 
6,000  to 
19,000  to 
8,000  to 
8,000  to 
2,000  to 
2,500  to 
1,000  to 


15,000 

20,000 

33»ooo 

20,000 

20,000 

6,000 

4,000 

2,500 


TABLE  XLIV. 
Allowable  Bearing  on  Foundations. 

Tons  per 

Material.  iq.  Tt. 

Soft  clay I 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm,  coarse  sand  and  gravel 6 


(3)  against  crushing  the  masonry  of  the  foundation  or  the  bridge  seat. 

I.  Overturning, — In  Fig.  211  let  P,  represented  by  0P\  be  the 
resultant  pressure  of  the  earth,  and  W,  represented  by  OW,  be  the 
weight  of  the  abutment  and  load  on  the  abutment  corrected  for  buoy- 
ancy of  water  under  the  pier  acting  through  its  center  of  gravity. 
Then  E,  represented  by  OR,  will  be  the  resultant  pressure  tending  to 
overturn  the  abutment. 

Draw  05*  through  the  point  A.  For  this  condition  the  abutment 
should  be  on  the  point  of  overturning,  and  the  factor  of  safety  against 
overturning  would  be  unity.     The  factor  of  safety  for  E  ==  OR  will  be 


/^  =  SIV/RW 


(94) 


2.  Sliding, — In  Fig.  211  construct  the  angle  HiG  equal  to  4>\  the 
angle  of  friction  of  the  masonry  on  the  foundation.  Now  if  E  passes 
through  I,  and  takes  the  direction  OQ,  the  abutment  will  be  on  the 
point  of  sliding,  and  the  factor  of  safety  against  sliding,  /«,  will  be 
unity.     For  E  =  OR,  the  factor  of  safety  against  sliding  will  be 
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f.  =  QM'/RM  ■  (95) 

If  the  resultant  at  3  be  resolved  into  a  vertical  force  f,  and  a  hori- 
zontal force  H  (not  shown  in  Fig.  211),  then 


/,  =  F/(H.tan^') 
which  will  give  the  same  result  as  above. 


(96) 


Cp.. 
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■p-f-p:-^'*^j 


Fig.  211. 

Bridge  abutments  seldom  fail  by  sliding  unless  water  has  under- 
mined the  structure. 

3.  Crushing. — In  Fig.  211  the  load  on  the  foundation  will  be  due  to 
a  vertical  force  F,  which  produces  a  uniform  stress  p^^F/d  over  the 
area  of  the  base,  and  a  bending  mom.tat=^Fb,  which  produces  com- 
pression, p,,  on  the  front  and  tension,  p„  on  the  back  of  the  foundation. 
The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum 
of  the  compressive  stresses,i=|^i-(/.     These  stresses  act  as  a  couple 
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through  the  centers  of  gravity  of  the  stress  triangles  on  each  side,  and 
the  resisting  moment  is 

M'  =  lp,-d-id=ip,-d'  (97) 

But  the  resisting  moment  equals  the  overturning  moment,  and 

and 

p2  =  ±6F^b/d^  (98) 

The  total  stress  on  the  foundation  tlien  is 

p  =  p,±p,  =  p,(idz6b/d)  (99) 

Now  if  b  =  id,  we  will  have 

p:=2p^,  or  o. 

In  order  therefore  that  there  be  no  tension,  or  that  the  compression 
never  exceed  twice  the  average  stress  the  resultant  should  never  strike 
outside  the  middle  third  of  the  base. 

If  the  resultant  strike  outside  of  the  middle  third  of  a  bridge  abut- 
ment in  which  the  masonry  can  take  no  tension,  the  load  will  all  be 
taken  by  compression  and  can  be  calculated  as  follows : 

In  Fig.  212  the  resultant  F  will  pass  through  the  center  of  gravity 
of  the  stress  diagram,  and  will  equal  the  area  of  the  diagram. 

F  =  y2p'a, 
and 

P  =  iF/a  (100) 

which  gives  a  larger  value  oi  p  than  would  be  given  if  the  masonry 
could  take  tension. 

For  the  design  of  retaining  walls,  see  the  author's  "  The  Design  of 
Walls,  Bins  and  Grain  Elevators." 

Design  of  Bridge  Piers. — Bridge  piers  must  be  designed  (i)  for 
the  total  vertical  load  due  to  the  dead  and  live  load  of  the  span  and 
the  weight  of  the  pier;  (2)  for  wind  pressure  on  the  pier  and  the 
bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4)  to  take  the 
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longitudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and 
due  to  temperature  when  the  rollers  do  not  move  freely.  The  wind 
pressures  are  calculated  as  specified  in  Chapter  II  and  Chapter  VII, 
and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier; 
on  the  top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  feet 
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Fig.  212, 

above  the  base  of  the  rail ;  and  at  the  center  of  gravity  of  the  exposed 
part  of  the  pier.  The  total  wind  moment  is  then  calculated  about  the 
leeward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the 
foundation  due  to  direct  load  and  wind  are  calculated  in  the  same 
manner  as  the  calculation  of  the  pressures  of  abutments. 

The  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift 
are  difficult  to  calculate.  The  maximum  pressure  due  to  floating  ice 
will  be  the  crushing  strength  of  the  ice,  which  varies  from  400  to  800 
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lbs.  per  square  inch.  The  principal  danger  from  floating  ice  and  drift 
is  that  the  current  of  the  stream  will  be  deflected  downward  and  will 
gouge  out  the  material  around  and  under  the  pier  and  cause  failure. 
To  prevent  this  it  is  quite  common  to  build  piers  with  a  "  break-water  " 
or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a  pile  protection  on 
the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier 
the  buoyancy  of  the  water  must  be  considered  in  calculating  the  safety. 
If  there  is  danger  of  scouring  then  it  is  well  to  deposit  large  stones 
and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  more  than  one 
inch  to  one  foot  of  vertical  height,  or  less  than  one-half  inch  to  the 
foot,  although  high  piers  are  sometimes  battered  only  one-fourth  inch 
to  one  foot. 

Preparing  the  Foundations. — The  preparation  of  the  site  of  the 
abutment  or  pier  will  depend  upon  the  conditions  and  character  of  the 
material. 

Rock, — Where  the  water  can  be  excluded,  the  rock  should  be  cleared  * 
of  all  overlying  material  and  disintegrated  rock.     The  surface  is  then 
leveled  up  either  by  cutting  off  the  projections  or  by  depositing  a  layer 
of  concrete. 

Hard  Ground. — The  material  should  be  excavated  well  below  the 
frost  and  scour  line.  Where  the  foundations  cannot  be  carried  low 
enough  to  prevent  undermining,  piles  should  be  driven  at  about  2j  to  3 
feet  centers  over  the  foundation. 

Soft  Ground. — The  materials  should  be  excavated  to  a  solid  stratum 
or  piles  spaced  about  2^  to  3  feet  centers  should  be  driven  over  the 
foundation  to  a  good  refusal.  The  piles  should  be  cut  oflf  below  low 
water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited 
around  the  heads  of  the  piles.  Where  the  water  cannot  be  excluded 
it  will  be  necessary  to  use  one  of  the  following  methods:  open  caisson, 
crib,  coffer  dam,  or  pneumatic  caisson. 

In  using  an  open  caisson  the  masonry  is  built  up  or  the  concrete  is 
deposited  in  a  water  tight  box  built  of  heavy  timbers,  the  caisson  being 
sunk  as  the  pier  is  built  up.     The  caisson  is  commonly  floated  into 
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place  and  then  is  sunk  on  piles  which  have  been  sawed  off  to  receive 
it,  or  on  a  solid  rock  foundation.  The  sides  of  the  caisson  are  usually 
removed  after  the  pier  is  completed. 

Timber  cribs  are  made  of  squared  timbers  placed  transversely  and 
longitudinally,  and  bolted  together  so  as  to  form  a  solid  structure  with 
open  pockets.  The  crib  is  sunk  by  loading  the  pockets  with  stone.  No 
timber  should  be  left  above  the  low  water  mark  in  open  caissons  or 
cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling 
around  the  pier,  the  space  between  the  rows  of  piling  being  filled  with 
clay  puddle.  For  small  depths  a  single  row  of  sheet  piling  is  often 
sufficient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling, 
additional  rows  are  driven  inside  the  first.  Steel  sheet  piling  is  now 
much  used  for  difficult  foundations.  Steel  sheet  piling  can  be  driven 
through  ordinary  drift  and  similar  material,  is  not  limited  in  depth, 
and  is  practically  water  tight  when  used  in  a  single  row.  It  can  be 
drawn  and  used  again.  It  is  almost  impossible  to  shut  off  all  the  water 
with  a  coffer  dam,  and  pumps  should  be  provided. 

Pneumatic  caissons  should  only  be  used  under  the  direction  of 
experienced  engineers  and  will  not  be  considered  here. 

Timber  and  Piling. — All  timber  and  piles  should  be  of  sound  white 
oak,  pine  or  other  timber  equally  good,  and  should  conform  to  the 
specifications  in  Chapter  XVIII.  Piles  should  be  driven  8  to  15  feet 
in  gravel,  sand  or  stiff  clay,  and  20  to  30  feet  in  soft  clay,  and  should  not 
give  a  penetration  of  more  than  one  inch  for  each  of  the  last  six  blows 
with  a  2,ooo-lb.  hammer  dropping  freely  20  ft. 

The  safe  bearing  load,  where  gravity  pile  drivers  are  used,  should 
be  calculated  by  means  of  the  Engineering  News'  formula : 

P=r2W'h/(s+i)  (lOi) 

where    P  =  the  safe  load  on  the  pile  in  tons ; 

W  =  the  weight  of  the  hammer  in  tons; 
^  =  the  penetration  of  the  pile  for  the  last  blow  in  inches; 
/i  =  the  free  fall  of  the  hammer  in  feet. 
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Where  steam  hammers  are  used  the  coefficient  in  the  denominator 
should  be  o.i  in  place  of  i.     Care  should  be  used  not  to  overdrive  piles. 


^..-dn 


5ecf/on%B'. 


Fig.  213.    CbOPER's  Standard  Masonry  Abutments  with   Wing  Walls  for 
Highway  Bridges. 

Cooper's  Standard  Abutments. — The  abutment  in  Fig.  Z13  is  from 
Cooper's  "  General  Specifications  for  Foundations  and  Substructures 
of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and  the 
thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are 
as  given  in  Table  XLV,  and  proportional  for  intermediate  spans. 
These  abutments  may  be  made  of  either  first-class  stone  masonry,  or 
first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  the  value 
of  (a)  in  Table  XLV.     The  minimum  thickness  of  the  wall  at  any 


TABLE  XLV. 
7  Masonry  Abutments  in  Fig.  213,  Cooper's  Stani 


DlSTABC.,  a. 

Stan  i"  F^iit. 

L.BCTH,  /. 

3'    6" 

50 
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a'  +  S    0 

3    0 
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"-  +  5    9 

3    6 
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point  to  be  0.4  of  the  height.     The  length  of  the  wing  walls  will  be 
determined  by  local  conditions. 

The  abutment  without  wing  walls  in  Fig.  214  has  the  same  dimen- 
sions as  given  in  Table  XLV.  The  width  of  single  track  electric  rail- 
ways may  be  taken  as  14  feet,  double  track  26  feet.    The  approximate 
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Fig.  214.    Cooper's  Standard  Masonry  Abutments  Without  Wing  Walls  for 

Highway  Bridges. 


cubical  quantities  in  abutments  without  wing  walls  are  given  in  Table 
XLVI. 

TABLE  XLVI. 

Approximate  Contents  in  Cubic  Yards  of  One  Masonry  Abutment,  Without 

Wing  Walls.    Fig.  214. 


Span. 
Fbbt. 


100 


30a. 


Roadway. 


1 2  feet 
20  feet 
E,  single  T 
E,  double  T 

12  feet 
20  feet 
E,  single  T 
E,  double  T 


Depth  op  Footing  Below  Grade,  Fbbt. 


zo 

IS 

30 
67 

as 

20 

39 

100 

28 

56 

95 

145 

21 

44 

75 

112 

36 

72 

120 

183 

22 

45 

77 

116 

31 

63 

106 

161 

25 

50 

85 

128 

49 

84 

141 

210 

30 


145 

206 

160 

260 

165 

227 

181 
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Schneider's  Standard  Abutments. — Mr.  C.  C.  Schneider  gives  the 
standards  in  Fig.  215  and  Table  XLVII  for  abutments  for  electric 
railway  bridges.  The  dimensions  refer  to  the  three  classes  which  are 
described  in  Chapter  II : 

Class  "  A,"  loading  for  heavy  traffic ; 

Class  "  B,"  loading  for  medium  traffic; 

Class  "  C,"  loading  for  light  traffic. 
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Fig.  215. 


Masonry  Abutments  for  Electric  Railway  Bridges,  Schneider's 

Standards. 


The  sizes  given  in  Table  XLVII  are  minimum  dimensions  for  abut- 
ments. The  masonry  coping  is  to  project  at  least  3  inches  beyond  the 
body  under  the  coping  on  the  sides.     The  thickness  of  abutments  under 

TABLE  XLVII. 
Dimensions  of  Masonry  Abutments  in  Fig.  215,  Schneider's  Standards. 


o5h 

Thicknsss  m  in  Fbbt. 

LSNCTU  /=  DiSTAKCB  CIO  C  TrUSSBS 

+  Figures  Bblow. 

Class  A. 

Class  B. 

Class  C. 

Class  A. 

Class  B. 

Class  C. 

S.  T. 

D.  T. 

S  T. 

4  II 
2-0 

2-0 

2-4 
2-8 

3-1 
3-5 

D.  T. 

S.  T. 

D.  T. 

S.  T. 

D.  T. 

ST. 

D.T. 

S.  T. 

3-^' 

3-« 
3-6 

3-6 
4-0 

4-6 

D.T. 

50 

100 

150 

200 
300 
400 

/  // 
2-2 

2-8 
3-0 

3-4 
4-0 

4-8 

1  II 
2-9 

3-6 
4-0 

4-6 
5-6 
6-2 

/  // 
2-2 

2-8 
3-0 

3-4 
4-0 

4-8 

/     II 
2-  0 

2-  0 

2-  0 

2-  2 

2-  7 

2-TI 

/  // 
2-  0 

2-  2 

2-  6 

2-10 

3-6 
4-0 

4-0 

4-6 

5-0 

5-6 
6-0 

/  II 
4-0 

5-0 
5-6 
6-0 
7-0 
7-6 

3-6 
4-0 

4-0 
4-6 
5-0 

3-^' 
4-0 

4-6 

5-0 
5-6 

6-0 

3^' 
3-6 
4-0 
4-6 

5-0 
5-6 

the  coping  shall  in  no  case  be  under  4  feet,  and  the  thickness  of  the 
parapet  wall  back  of  abutments  not  less  than  2  feet.  These  abutments 
may  be  made  of  either  first-class  stone  masonry,  or  first-class  Portland 
cement  concrete. 
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Fic.  2i6.    CoNCBCTE  Abutment  for  156-FT.  Span  Electric  Railwa' 
KicKAFoo  Cheek,  Peoria  &  Pekin  Terminal  R.  R. 


Fia  217.    Concrete  Abutments  for   hi'  6"  Span   Steel  Riveted  Highway 
Bridge  Across  Illinois  and  Mississippi  Canal. 
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The  concrete  abutment  shown  in  Fig.  216  was  designed  to  carry  a 
i56-ft.  span  electric  railway  bridge.  This  abutment  is  carried  on  tim- 
ber piles  driven  to  a  firm  bearing. 

The  concrete  abutments  for  a  iii'  6"  riveted  highway  bridge  across 
the  Illinois  and  Mississippi  Canal  are  shown  in  Fig.  217. 

Reinforced  Concrete  Abutments. — Reinforced  concrete  abutments 
for  a  single  track  plate  girder  bridge,  as  designed  by  the  C.  B.  &  Q. 
R.  R.,  are  shown  in  Fig.  218.  The  details  are  shown  in  the  cut  and 
need  no  further  explanation. 


93'-a'  rii^efn>mp€f% 


M/rtr  ^/TT/orr^L  n/frf 


ff/fLFFLnnorBfffri/rffbor/rfS 


Fig.  218.    Reinforced  Concrete  Railway  Bridge  Abutment,  C.  B.  &  Q.  R.  R. 

The  standard  reinforced  concrete  abutments  for  highway  bridges, 
designed  by  the  U.  S.  Reclamation  Service  for  the  Garland  Canal, 
Shoshone  Project,  are  shown  in  Fig.  219,  while  the  quantities  and 
dimensions  are  given  in  Table  XLVIII. 

Cooper's  Standard  Masonry  Piers. — The  masonry  pier  in  Fig.  220 
is  from  Cooper's  "General  Specifications  for  Foundations  and  Sub- 
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TABLE  XLVIII. 

Variable  Dimensions  and  Quantities  for  Highway  Bridge  Abutments  with 

Wing  Walls,  Fig.  219. 


H 

H 

0 

M 

• 

M 
0 
S 
CO 

g 

% 

0 

M 

li 

4 

3-6 
4-0 

^: 

•<  >j 

•^  H 

5 

/    // 

5-3 
5-9 

y  ^  " 

K  P  H 

:3 

II 

Quantities  por  i 

3nb  Abutment. 

Cubic  Yards 
of  Concrete. 

Pounds  of  Plain  Steel 
Bars. 

M  as 
II  h 

-< 

■ 

8 

1 0.0 
12.4 

• 

« 

u 

a 

9 

2.7 

3.0 
2.6 

• 

13 
0 
H 

10 

12.7 

15.4 
15.0 

• 

• 

S 

• 

5 
g. 

H 

•a 

X 

a 

3 

6 

/      // 
14-  2 

i6-6 
16-3 

7 

zz 

13 

13 

14 

6 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

6-6 
6-  0 
6-6 

400 
410 

570 
640 

160 
160 

1,130 
1,210 

8 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

4-0 
4-6 

5-9 
6-3 

13-8 

15-11 
15-8 

10-  0 

9-6 

10-  0 

12.8 
16.I 

4.9 
4.9 
5.0 

17.7 

23.5 
23.6 

530 
540 

790 
840 

260 

260 

1,580 
1,640 

10 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

4-6 
5-0 

6-3 
6-9 

13-  2 
15-  4 
15-  I 

13-6 
13-  0 
13-6 

15.7 
20.0 

7.8 
7.6 

8.1 

23.5 
27.6 
28.1 

660 
670 

1,050 
1,090 

330 
330 

2,040 
2,090 

12 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

5-0 
5-6 

6-9 

7-3 

12-  6 
14-9 
14-6 

17-  0 

16-  6 

17-  0 

18.9 
24.1 

11.7 

1 1.3 
1 1.8 

50.6 
354 
35.9 

810 
820 

1,500 
1,540 

720 
720 

3.030 
3.080 

14 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

5-6 
6-0 

7-3 
7-9 

12-  0 

14-  3 
14-  0 

20-  5 
19-11 
20-  5 

22.2 

28.5 

16.3 

15.8 
16.4 

38.5 
44.3 
44.9 

965 
970 

1,860 
1,910 

860 
860 

3.685 
3.740 

16 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

5-9 
6-3 

7-9 
8-3 

II- 6 
13-6 

13-5 

23-10 

23-  5 
23-10 

27.4 
■^4.4 

21.8 
21.4 
23.0 

49.2 
55.8 
57.4 

I1I3O 
1,140 

2,940 

3t03o 

1,520 
1,520 

5.590 
5.690 

18 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

6-3 
6-9 

8-3 
8-9 

lO-II 

13-  2 
12-11 

27-  4 
26-10 
27-4 

31.3 
40.0 

28.4 

27.5 
28.3 

59.7 

67-5 
68.^ 

1,300 
1,310 

3.520 
3»56o 

1,780 
1,780 

6,680 
6,650 

20 

Pony 
Thru 

Both  Shoes 
Roller 
Fixed 

6-9 

7-3 

8^ 
9-3 

10-  9 
12-  6 
12-  3 

30-10 

30"  4 
30-10 

35.4 
45.0 

35.7 
350 
36.0 

71.1 
80.0 
81.0 

1,470 
1,480 

4.150 
4,260 

2,160 
2,160 

7,780 
7.900 

Notes. — I.  The  abutments  for  pony  type  steel  trusses  are  intended  for  a  span 
of  75  feet  or  less;  those  for  through  type  steel  trusses  for  a  span  of  100  feet 
or  less. 

2.  The  abutments  have  been  designed  for  standard  highway  bridges  and  for 
an  earth  pressure  based  on  a  weight  of  no  pounds  per  cubic  foot,  an  angle  of 
repose  of  26  degrees  and  a  bearing  power  of  soil  of  5000  pounds  per  square  foot. 

3.  The  depth  of  foundations  should  be  sufficient  to  prevent  ^angerous  scour- 
ing or  undermining  and  to  provide  the  required  bearing  value  of  soil. 
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Structures  of  Highway  and  Electric  Railway  Bridges."  The  length,  I, 
and  the  thickness,  a,  for  highway  and  single  track  electric  railway 
bridges  are  given  in  Table  XLIX.  These  piers  may  be  made  of  either 
first-class  stone  masonry,  or  first-class  Portland  cement  concrete. 


TABLE  XLIX. 


DiUEHsiONS  OF  Masonry  Pieb  for  Highwa' 

WAY  Bridges,  as  r 


AND  Single  Track  Eiectric  Rah- 

FlG.   230. 


DlSTAHCI,  a. 

Sl-iH    ,K  F.ET. 

L.KOTH./. 

y    8" 

50 

«.  +  4'  0" 

w-1-4    6 

3    » 

w-t-S    0 

3    8 

^^  +  5    9 

4    4 

aso 

z»  +  7    0 

5    4 

300 

if  +  T    6 

For  double  track  electric  railway  bridges  add  one  foot  to  I,  and 
from  4  to  6  inches  to  a.  The  width,  b,  must  not  be  less  than  0.4  the 
height.  Where  drift  or  logs  are  liable  to  injure  the  pier  the  nose  of 
the  cut-water  should  be  protected  with  a  steel  angle  or  plate. 

The  approximate  cubical  contents  of  the  piers  shown  in  Fig,  220 
and  Table  XLIX  are  given  in  Table  L. 


///^/fkir/er^^  _j 
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Fig.  220.    Cooper's  Standard  Masonky  Piers  for  Highway  Bridges. 
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TABLE  L. 
Approximate  Contents  in  Cubic  Yards  of  One  Masonry  Pier.    Fig.  220. 


Spans. 
Fbbt. 


IOC j,,,.^ 


150.,. 


200., 


250^. 


300... 


Roadways. 


12  feet 
20  feet 
E,  single  T 
E,  double  T 

12  feet 
20  feet 
E,  single  T 
£,  double  T 

12  feet 
20  feet 
E,  single  T 
E,  double  T 

12  feet 
20  feet 
£,  single  T 
£,  double  T 

12  feet 
20  feet 
E,  single  T 
E,  double  T 


Dbpth 

OP  PiBR  FROM  Top  op 

Coping  to  I 

OP  Footing  in  Fbbt. 

xo 

»5 

ao 

«5 

77 

29 

44 

60 

38 

59 

82 

108 

31 

46 

62 

80 

50 

75 

102 

132 

34 

51 

70 

90 

46 

70 

95 

125 

37 

54 

74 

96 

58 

86 

118 

153 

39 

58 

80 

103 

53 

80 

109 

143 

43 

63 

86 

112 

66 

99 

135 

174 

44 

66 

90 

116 

61 

91 

"^ 

160 

48 

74 

127 

73 

109 

149 

192 

4? 

73 

100 

130 

68 

lOI 

137 

177 

54 

80 

109 

142 

80 

120 

164 

210 

30 


94 
136 
100 
166 

III 

157 
120 

191 

128 
178 
140 
217 

145 
199 

159 
238 

162 
220 
178 
260 


Schneider's  Standard  Masonry  Piers. — Mr.  C.  C.  Schneider's 
standards  for  masonry  piers  for  electric  railway  bridges  are  given  in 
Fig.  221  and  in  Table  LI.  The  thickness  of  the  piers  was  determined 
on  the  assumption  that  the  pier  supports  two  spans  of  approximately 
the  same  length.  The  top  of  the  pier  should  have  sufficient  room  for 
the  bridge  seat;  the  bed  plates  should  in  no  case  come  nearer  than  3 
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Fig.  221.    Masonry  Piers  for  Electric  Railway  Bridge,  Schneider's  Standards. 

inches  to  the  edge  of  the  masonry  under  the  coping  on  the  side  of  the 
pier,  nor  nearer  than  6  inches  to  the  edge  of  the  masonry  under  the 
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coping  on  the  end  of  the  pier.     These  piers  may  be  made  of  either 
first-class  stone  masonry,  or  lirst-class  Portland  cement  concrete. 


TABLE  LI. 
Dimensions  of  Masonry  Piers  in  Fig.  221,  Schneider's  Standards. 
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Fig.   222.    Concrete  Pier  for   156-FT.    Span   Electric  Railway 
Illinois  River,  Peoria  &  Pekin  Terminal  R.  R. 
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The  concrete  pier  in  Fig.  222  was  designed  to  carry  two  156-ft, 
span  electric  railway  bridges.  The  pier  is  carried  on  timber  piles 
driven  to  a  firm  bearing.  This  pier  is  considerably  larger  than  required 
by  Cooper's  specifications.  A  masonry  pivot  pier  for  a  swing  bridge 
for  the  same  crossing  is  given  in  Fig,  223.  The  swing  bridge  has  a 
clear  span  of  170  feet,  and  a  length  of  376  feet. 


SPECIFICATIONS.~The  standard  specifications  adopted  by  the 
American  Railway  Engineering  and  Maintenance  of  Way  Association 
are  now  used  on  first-class  work  and  are  given  on  the  following  pages. 
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DEFINITIONS  OF  MASONRY  TERMS.* 

Masonry. — All  constructions  of  stone  or  kindred  substitute  materials  in  which 
the  separate  pieces  are  either  placed  together,  with  or  without  cementing  material 
to  join  them,  or  where  not  separately  placed,  are  encased  in  a  matrix  of  firmly 
cementing  material. 


Riprapping  and  paving  are  not  masonry  construction. 


Classification  op  Masonry. 


Kinds  of 
Masonry. 


Sub-division  into 
Classes  of 
Material. 


Manner  of  Work 


Dressing^. 


Face  or  Surface 
Finish. 


Stone. 


Dimension.         \  In  courses. 


Arch. 
Ashlar. 


\  In  courses. 

f  Range. 

\  Broken  range. 


Fine-pointed. 
Crandalled. 
Axed  or  Pean- 

hammered. 
Tooth-axed. 
Sawed. 
Rubbed. 

Fine-pointed. 
Crandalled. 
Axed  or  Pean- 

hammered. 
Tooth-axed. 
Sawed. 

f  Rough-pointed. 


r 


{Range. 
Broken  range,     -j  Fine-pointed. 
Random.  ^  Crandalled. 


Quarry-faced. 

Pitch-faced. 

Drafted. 


Rubble. 


Dry. 


Broken  stone. 
Concrete,  -i  Gravel. 

Other  material. 


f  Coursed. 
\  Uncoursed. 


I  None. 


\  Quarry-faced. 


{No 


mortar. 


f  May  be  any  of  r  May  be  any  of 
\     the  above.       \     the  above. 


A 


Brick. 


"  Face. 
No.  I  paving. 
No.  2  paving. 
Common. 


English  bond. 
Flemish  bond. 


*  Recommended  by  American  Railway  Engineering  and  Maintenance  of  Way 
Association. 
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Dimension  Stone. — A  block  of  stone  cut  to  specified  dimensions. 

Coping. — A  top  course  of  stone  or  concrete,  generally  slightly  projecting,  to 
shelter  the  masonry  from  the  weather,  or  to  distribute  the  pressure  from  exterior 
loading. 

Arch  Masonry. — That  portion  of  the  masonry  in  the  arch  ring  only,  or 
between  the  intrados  and  the  extrados. 

Ashlar  Masonry. — Masonry  built  of  ashlar  blocks.  ^ 

Range  Masonry. — Masonry  in  which  the  various  courses  are  laid  up  with 
continuous  horizontal  beds. 

Broken  Range  Masonry. — Masonry  in  which  the  bed  joints  are  parallel  but 
not  continuous. 

Square-Stone  Masonry. — Masonry  in  which  the  stones  are  roughly  squared 
and  roughly  dressed  on  beds  and  sides. 

Rubble  Masonry. — Masonry  composed  of  squared  or  roughly  squared  stones, 
or  rubble  of  irregular  size  or  shape. 

Dry  Wall. — A  masonry  wall  in  which  stones  are  built  up  without  the  use 
of  mortar. 

Concrete. 

Concrete. — A  compact  mass  of  broken  stone,  gravel  or  other  suitable  material 
assembled  together  with  cement  mortar  and  allowed  to  harden. 

Rubble  Concrete. — Concrete  in  which  rubblestone  are  imbedded. 

Reinforced  Concrete. — Concrete  which  has  been  reinforced  by  means  of  metal 
in  some  form,  so  as  to  give  the  concrete  elasticity  and  increased  strength. 

Brick. 

Brick. — No.  I. — Hard  burned  brick,  absorption  not  to  exceed  2  per  cent  by 
weight. 

Brick. — No.  2. — Softer  and  lighter  brick  than  No.  i,  absorption  not  to  exceed 
6  per  cent  by  weight. 

Cement. 

Cement. — A  preparation  of  calcined  clay  and  limestone,  or  their  equivalents, 
possessing  the  property  of  hardening  into  a  solid  mass  when  moistened  with 
water.  This  property  is  exercised  under  water,  as  well  as  in  the  air.  Cements 
are  divided  into  four  classes:  Portland,  Natural,  Puzzolan  and  Silica  cement. 
(See  each.) 

Portland  Cement. — ^This  term  is  applied  to  the  finely  pulverized  product 
resulting  from  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of 
properly  proportioned  argillaceous  and  calcareous  materials,  and  to  which  no 
addition  greater  than  3  per  cent  has  been  made  subsequent  to  calcination. 

Natural  Cement. — This  term  shall  be  applied  to  the  finely  pulverized  product 
resulting  from  the  calcination  of  an  argillaceous  limestone  at  a  temperature  only 
sufficient  to  drive  off  the  carbonic  acid  gas. 

Puzzolan. — An  intimate  mixture  of  pulverized  granulated  furnace  slag  and 
slaked  lime  without  further  calcination  which  possesses  the  hydraulic  qualities 
of  cement. 

Silica  Cement  {sand  cement) . — A  mixture  of  clean  sand  and  Portland  cement 
ground  together. 
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Descriptive  Words. 

Arris. — An  external  angle,  edge  or  ridge. 

Ashlar. — A  squared  or  cut  block  of  stone  with  rectangular  dimensions. 

Axed. — Dressed  so  as  to  cover  the  surface  of  a  stone  with  chisel  marks 
w^hich  are  nearly  or  quite  parallel. 

Backing. — That  portion  of  a  masonry  wall  or  structure  built  in  the  rear  of 
the  face.  It  must  be  attached  to  the  face  and  bonded  with  it.  It  is  usually  of  a 
cheaper  grade  of  masonry  than  the  face. 

Batter. — The  slope  or  inclination  of  the  face  from  a  vertical  line. 

Bed. — The  top  and  bottom  of  a  stone.  (See  Course  Bed;  Natural  Bed; 
Foundation  Bed.) 

Bed  Joint. — A  horizontal  joint,  or  one  perpendicular  to  the  line  of  pressure. 

Beton. — (See  Concrete.) 

Block  Rubble. — Large  blocks  of  building  stone  as  they  come  from  the  quarry. 
(See  Rubble.) 

Bond. — The  mechanical  disposition  of  stone,  brick  or  other  building  blocks 
by  overlapping  to  break  joints. 

Build. — A  vertical  joint. 

Bush-Hammered. — A  surface  produced  by  removing  the  roughness  of  stone 
with  a  bush-hammer. 

Centering. — A  temporary  support  used  in  arch  construction.  (Also  called 
Centers.) 

Course. — Each  separate  layer  in  stone,  concrete  or  brick  masonry. 

Course  Bed. — Stone,  brick  or  other  building  material  in  position,  upon  which 
other  material  is  to  be  laid. 

Crandalled. — Dressed  with  a  crandalling  tool,  producing  the  same  effect  as 
fine-pointed. 

Draft. — A  line  on  the  surface  of  a  stone  cut  to  the  breadth  of  the  chisel. 

Draft  Stones. — Stones  on  which  the  face  is  surrounded  by  a  draft,  the  space 
inside  the  draft  being  left  rough. 

Dressing. — The  finish  given  to  the  surface  of  stones  or  to  concrete. 

Expansion  Joint. — A  vertical  joint  or  space  to  allow  for  temperature  changes. 

Extrados. — The  upper  or  convex  surface  of  an  arch. 

Face. — The  exposed  surface  in  elevation. 

Facing. — In  concrete:  (i)  A  rich  mortar  placed  on  the  exposed  surfaces  to 
make  a  smooth  finish.  (2)  Shovel  facing  by  working  the  mortar  of  concrete  to 
the  face. 

Final  Set. — A  stage  of  the  process  of  setting  marked  by  certain  hardness. 
(See  Cement  Specifications.*) 

Fine-pointed. — Dressed  by  fine  point  to  smoother  finish  than  by  rough  point. 

Flush. — (Adj.)  Having  the  surface  even  or  level  with  an  adjacent  surface. 
(Verb.)  (i)  To  fill.  (2)  To  bring  to  a  level.  (3)  To  force  water  to  the 
surface  of  mortar  or  concrete  by  compacting  or  ramming. 

*  Standard  specifications  for  cement  adopted  by  the  American  Society  for 
Testing  Materials,  American  Society  of  Civil  Engineers  and  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association.  Copies  of  these  specifi- 
cations are  furnished  gratis  by  the  Universal  Portland  Cement  Co.,  Chicago,  III. 
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Footing. — A  projecting  bottom  course. 

Forms. — Temporary  structures  for  holding  concrete  in  desired  shape. 

Foundation. — (i)  That  portion  of  a  structure,  usually  below  the  surface  of 
the  ground,  which  distributes  the  pressure  upon  its  support.  (2)  Also  applied 
to  the  natural  support  itself;  rock,  clay,  etc. 

Foundation  Bed. — The  surface  on  which  a  structure  rests. 

Grout. — A  thin  mortar  either  poured  or  applied  with  a  brush. 

Header. — A  stone  which  has  its  greatest  length  at  right  angles  to  the  face 
of  the  wall,  and  which  bonds  the  face  stones  to  the  backing. 

Initial  Set. — An  early  stage  of  the  process  of  setting,  marked  by  certain  hard- 
ness.    (See  Cement  Specifications.*) 

Intrados. — The  inner  or  concave  surface  of  an  arch. 

Joint. — The  narrow  space  between  adjacent  stones,  bricks  or  other  building 
blocks,  usually  filled  with  mortar. 

Lagging. — Strips  used  to  carry  and  distribute  the  weight  of  an  arch  to  the 
ribs  or  centering  during  its  construction. 

Leveller. — A  small  rectangular  stone,  not  less  than  four  to  six  inches  thick, 
used  in  broken  range  work  to  complete  the  bed  for  a  stone  in  the  course  above 
and  give  it  proper  bond.    Sometimes  called  jumper  or  dutchman. 

Lock. — Any  special  device  or  method  of  construction  used  to  secure  a  bond 
in  work. 

Mortar. — A  mixture  of  sand,  cement  or  lime  and  water,  used  to  cement  the 
various  stones  or  brick  in  masonry  or  to  cover  the  surface  of  same. 

Natural  Bed. — The  surface  of  a  stone  parallel  to  its  stratification. 

Paving. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pean-hammered. — (See  Axed.) 

Pinner. — A  spall  or  small  stone  used  to  wedge  up  a  stone  and  give  it  better 
bearing. 

Pitched-faced. — Having  the  arris  clearly  defined  by  a  line  beyond  which  the 
rock  is  cut  away  by  the  pitching  chisel  so  as  to  make  approximately  true  edges. 

Pointing. — Filling  joints  or  defects  in  the  face  of  a  masonry  structure. 

Quarry-faced. — Stone  faced  as  it  comes  from  the  quarry. 

Random  Range  Masonry. — (See  Broken  Range  Masonry.) 

Riprap. — Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to 
prevent  scour  by  water. 

Rough- pointed. — Dressed  by  pick  or  heavy  point  until  the  projections  vary 
from  one-half  to  one  inch. 

Rubbed. — A  fine  finish  made  by  rubbing  with  grit  or  sandstone. 

Rubble. — Field  stone  or  rough  stone  as  it  comes  from  the  quarry.  When  it 
is  of  large  or  massive  size  it  is  termed  block  rubble. 

Set  (noun). — The  change  from  a  plastic  to  a  solid  or  hard  state. 

Soffit. — The  under  side  of  a  projection. 

Spall  (noun). — A  chip  or  small  piece  of  stone  broken  from  a  large  block. 

Stretcher. — A  stone  which  has  its  greatest  length  parallel  to  the  face  of 
the  wall. 

Tooth-axed. — ^Dressed  by  a  method  of  fine  pointing. 

Voussoirs. — The  stones,  blocks  of  concrete  or  other  material  forming  the 
arch  ring. 
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SPECIFICATIONS  FOR  STONE  MASONRY.* 

General. 

1.  Stone. — Stone  masonry  shall  be  built  of  the  kinds  specially  designated, 
with  such  arrangements  of  courses  and  bond  as  shown  on  the  drawings  or  as 
directed.  The  stone  shall  be  hard  and  durable,  free  from  seams  or  other  imper- 
fections, of  approved  quality  and  shape,  and  in  no  case  have  less  bed  than  rise, 
and  shall  be  laid  on  their  broadest  beds,  well  bonded  and  solidly  bedded.  When 
liable  to  be  affected  by  freezing,  no  unseasoned  stone  shall  be  laid. 

2.  Dressing. — Dressing  must  be  the  best  of  the  kind  specified  for  each  class 
of  work. 

3.  Beds. — Beds  and  joints  or  builds  must  be  square  with  each  other,  and 
dressed  true  and  out  of  wind.    Hollow  beds  will  not  be  allowed. 

4.  Dressing. — All  stone  must  be  dressed  for  laying  on  natural  beds. 

5.  Drafts. — Margin  drafts  must  be  neat  and  accurate. 

6.  Pitching. — Pitching  must  be  done  to  true  lines  and  exact  batter. 

7.  Mixing. — The  sand  and  cement  should  be  mixed  dry  and  in  small  batches 
in  proportions  as  directed,  on  a  suitable  platform,  which  must  be  kept  clean  and 
free  from  all  foreign  matter;  then  water  is  to  be  added,  and  the  whole  mixed 
until  the  mass  of  mortar  is  thoroughly  homogeneous  and  leaves  the  hoe  clean 
when  drawn  from  it.    It  must  not  be  retempered  after  it  has  begun  to  set. 

8.  Laying. — All  stones  must  be  laid  on  natural  beds.  Each  stone  must  be 
settled  into  place  in  full  bed  of  mortar. 

9.  No  stone  must  be  dropped  or  slid  over  the  wall,  but  must  be  placed 
without  jarring  the  stones  already  laid. 

10.  No  heavy  hammering  will  be  allowed  on  the  wall  after  a  course  is  laid. 

11.  If  a  stone  becomes  loose  after  the  mortar  is  set,  it  must  be  relaid  with 
fresh  mortar. 

12.  Each  stone  must  be  cleansed  and  dampened  before  laying. 

13.  Laying  in  Freezing  Weather. — Stones  must  not  be  laid  in  freezing  weather 
unless  allowed  by  the  engineer.  If  allowed,  they  must  be  freed  from  ice,  snow 
or  frost  by  warming,  and  laid  in  mortar  made  of  heated  sand  and  water,  or, 
with  proper  precautions,  mixed  with  brine  in  proportions  of  one  pound  of  salt 
to  eighteen  gallons  of  water,  when  the  temperature  is  thirty-two  degrees  Fahren- 
heit. Add  one  ounce  of  salt  for  every  degree  of  temperature  below  thirty-two 
degrees  Fahrenheit. 

14. — Stones  must  be  laid  to  exact  lines  and  levels  so  as  to  give  the  required 
bond  and  thickness  of  mortar  in  beds  and  joints. 

15.  Pointing. — Mortar  in  beds  and  joints  of  exposed  faces  must  be  removed 
to  a  depth  of  one  inch  before  it  has  set.  No  pointing  shall  be  done  until  the 
wall  is  complete  and  mortar  set,  nor  when  frost  is  in  the  stone.  Wet  the  joints 
and  fill  again  with  mortar  made  of  equal  parts  sand  and  Portland  cement.  It 
must  be  pounded  in  with  "  set-in  "  or  calking  tool,  and  finished  with  a  beading 
tool  the  width  of  the  joint,  used  with  a  straight  edge. 

♦Adopted  by  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association  in  1906. 
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Classification. 

i6.  Stone  masonry  will  be  classifiecl  under  the  following  heads:  Bridge  and 
Retaining  Wall  Masonry,  Arch  Masonry,  Culvert  Masonry  and  Dry  Masonry. 

Bridge  and  Retaining  Wall  Masonry. 

17.  Classes. — Bridge  and  retaining  wall  masonry  shall  consist  of  two  classes: 
(a)  Ashlar  (either  coursed  or  broken  coursed),  and  (b)  rubble. 

(a)  Ashlar  Bridge  and  Retaining  Wall  Masonry. 

18.  Stone. — In  ashlar  bridge  and  retaining  wall  masonry  (either  coursed  or 
broken  coursed),  the  stone  must  be  large  and  well  proportioned. 

19.  Courses. — No  course  to  be  less  than  14  inches  nor  more  than  30  inches 
thick,  the  thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

20.  Dressing. — The  beds  and  joints  or  builds  of  face  stones  shall  be  fine 
pointed,  so  that  the  mortar  layer  shall  not  exceed  one-half  an  inch  in  thickness 
when  the  stones  are  laid. 

21.  Joints. — Joints  in  face  stones  must  be  full  to  the  square  for  a  depth  equal 
to  at  least  one-half  the  height  of  the  course,  but  in  no  case  less  than  12  inches . 

22^  Surface  Finish. — The  exposed  surface  of  each  face  stone  will  be  rock 
faced,  and  the  edges  pitched  to  true  lines  and  exact  batter;  the  face  to  have  no 
projections  over  3  inches  beyond  the  pitch  lines. 

23.  Chisel  Draft. — A  chisel  draft  one  and  one-half  inches  wide  shall  be  cut 
at  each  exterior  corner. 

24.  Handling. — No  holes  for  stone  hooks  will  be  permitted  to  show  in  exposed 
surfaces.    They  must  be  handled  with  clamps,  keys,  lewis  or  dowels. 

25.  Stretchers. — Stretchers  shall  be  not  less  than  4  feet  long,  and  to  have  at 
least  one  and  one-fourth  times  as  much  bed  as  thickness  of  the  course. 

26.  Headers. — Headers  shall  be  not  less  than  4  feet  in  length.  They  shall 
occupy  one-fifth  of  the  face  of  the  wall,  and  no  header  shall  have  less  than  18 
inches  width  of  face,  and  where  the  course  exceeds  18  inches  in  height  the  width 
of  face  shall  not  be  less  than  the  height  of  course.  Headers  shall  hold  the  size 
in  the  heart  of  the  wall  that  they  show  on  the  face,  and  be  so  arranged  that 
a  header  in  a  superior  course  shall  be  placed  between  two  headers  in  a 
course  below;  but  no  header  shall  be  laid  over  a  joint,  and  no  joint  shall  occur 
over  a  header.  They  shall  be  similarly  disposed  in  the  back  of  the  wall,  inter- 
locking with  those  in  the  face  when  the  thickness  of  the  wall  will  admit.  When 
the  wall  is  too  thick  to  admit  of  such  arrangement,  stones  of  not  less  than  4 
feet  in  length  shall  be  placed  transversely  in  the  heart  of  the  wall  to  bond  the 
two  opposite  sides  of  it. 

27.  Backing. — Backing  shall  be  large,  well  shaped  stone,  roughly  bedded  and 
jointed,  the  bed  joints  not  to  exceed  i  inch  and  vertical  joints  generally  not  to 
exceed  2  inches.  No  part  or  portion  of  vertical  joints  shall  have  a  greater 
dimension  than  6  inches,  which  void  shall  be  thoroughly  filled  with  spalls  full 
bedded  in  cement  mortar  or  filled  with  concrete.  At  least  one-half  of  the  backing 
stones  shall  be  of  the  same  size  and  character  as  the  face  stone  and  with  parallel 
beds. 
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28.  When  face  stone  is  backed  with  two  courses,  neither  course  shall  be  less 
than  8  inches  thick. 

29.  When  the  wall  is  3  feet  thick  or  less,  the  face  stone  shall  pass  entirely 
through  and  no  backing  be  allowed. 

30.  If  the  engineer  so  directs,  the  backing  may  be  entirely  of  concrete,  or 
back  laid  with  headers  and  stretchers,  as  specified  above,  and  heart  of  wall  filled 
with  concrete. 

31.  The  bond  of  stone  on  face,  back  and  heart  of  wall  shall  not  be  less  than 
12  inches.  Backing  shall  be  laid  to  break  joints  with  the  face  stone  and  with 
one  another. 

32.  Coping. — Coping  will  be  dimension  stone,  holding  full  size  throughout, 
proportioned  for  its  loading,  as  marked  on  the  drawings. 

33.  The  beds,  joints  and  top  will  be  fine  pointed. 

34.  The  location  of  joints  will  be  determined  by  the  position  of  the  bed 
plates,  and  must  be  shown  on  the  drawings. 

35.  When  required,  in  the  judgment  of  the  engineer,  coping  stones,  stones 
in  the  wings  of  abutments  and  the  stones  on  piers  shall  be  secured  together  with 
iron  cramps  or  dowels^  their  position  being  indicated  by  the  engineer. 

(b)  Rubble  Bridge  and  Retaining  Wall  Masonry. 

36.  Stones, — Rubble  bridge  and  retaining  wall  masonry  will  consist  of  stones 
roughly  squared,  laid  in  irregular  courses.  The  beds  must  be  parallel,  roughly 
dressed  and  lie  horizontally  in  the  wall.  The  bottom  shall  be  large,  selected 
flat  stones.  The  wall  must  be  compactly  laid,  having  at  least  one-fifth  the  surface 
of  the  back  and  face  headers,  so  arranged  as  to  interlock,  having  all  the  spaces 
in  the  heart  of  the  wall  filled  with  suitable  stones  and  spalls,  thoroughly  bedded 
in  cement  mortar  or  filled  with  concrete.  The  face  joints  must  not  be  more  than 
I  inch  in  thickness. 

Arch  Masonry. 

27.  Arch  masonry  shall  consist  of  the  arch  ring  only,  or  that  portion  between 
the  intrados  and  extrados,  and  shall  be  of  two  classes :  (a)  Ashlar  Arch  Masonry, 
and  (b)  Rubble  Arch  Masonry. 

(a)  Ashlar  Arch  Masonry. 

38.  Voussoirs. — The  voussoirs  must  be  full  size  throughout,  and  must  have 
bond  not  less  than  thickness  of  the  stone  and  dressed  true'to  templet. 

39.  The  number  of  courses  and  depth  of  voussoirs  will  be  shown  on  the 
drawings. 

40.  Joints. — The  joints  of  the  voussoirs  and  the  intrados  shall  be  fine  pointed. 
Mortar  joints  shall  not  exceed  three-eighths  of  an  inch. 

41.  Finish. — The  exposed  surface  of  the  ring  stone  shall  be  smooth  or  rock 
faced,  with  a  marginal  draft. 

42.  Voussoirs  shall  be  carried  up  simultaneously  from  both  bench  walls. 

43.  Backing. — Backing  may  consist  of  large  stones  shaped  to  fit  the  arch, 
bonded  to  the  spandrel  and  laid  in  full  beds  of  mortar.  Concrete  may  also  be 
used  for  backing. 

44.  Waterproofing. — If  waterproofing  is  required,  a  thin  coat  of  mortar  or 
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grout  shall  be  applied  for  a  finishing  coat,  upon  which  shall  be  placed  a  covering 
of  suitable  waterproofing  material. 

45.  Centers. — Centers  shall  not  be  struck  until  directed. 

46.  Miscellaneous  Walls. — Bench  walls,  piers,  spandrels,  parapets  wing  walls 
and  copings  will  be  built  under  the  specifications  for  ashlar  bridge  and  retaining 
wall  masonry. 

(b)  Rubble  Arch  Masonry. 

47.  Voussoirs. — The  voussoirs  must  be  full  size  throughout,  and  must  have 
bond  not  less  than  thickness  of  the  stone. 

48.  The  depth  of  voussoirs  will  be  shown  on  the  drawings. 

49.  The  beds  need  only  be  roughly  dressed  so  as  to  bring  them  to  radial 
planes. 

50.  Joints. — Mortar  joints  shall  not  exceed  i  inch. 

51.  Finish. — The  exposed  surface  of  the  ring  stones  shall  be  rock  faced  and 
the  edges  pitched  to  true  lines. 

52.  Voussoirs  shall  be  carried  up  simultaneously  from  both  bench  walls. 

53.  Backing. — Backing  may  consist  of  large  stones  shaped  to  fit  the  arch, 
bonded  to  the  spandrel  and  laid  in  full  beds  of  mortar.  Concrete  may  also  be 
used  for  backing. 

54.  Waterproofing. — If  waterproofing  is  required,  a  thin  coat  of  mortar  or 
grout  shall  be  applied  for  a  finishing  coat,  upon  which  shall  be  placed  a  covering 
of  suitable  waterproofing  material. 

55.  Centers. — Centers  shall  not  be  struck  until  directed. 

56.  Miscellaneous  Walls.  Bench  walls,  piers,  spandrels,  parapets  and  wing 
walls  will  be  built  under  the  specifications  for  rubble  bridge  and  retaining  wall 
masonry. 

Culvert  Masonry. 

57.  Stone. — Culvert  masonry  must  be  laid  in  cement  mortar.  The  character 
of  stone  used  and  quality  of  work  must  be  similar  to  that  specified  for  rubble 
bridge  and  retaining  wall  masonry. 

58.  Headers, — One-half  the  top  stones  of  the  side  walls  must  extend  entirely 
across  the  wall. 

59.  Cover  Stones. — The  covering  must  be  of  sound,  strong  stone,  at  least  12 
inches  thick,  or  as  shown  on  drawings.  They  must  be  roughly  dressed  so  as  to 
make  close  joints  with  each  other,  and  must  lap  their  whole  width  at  least  12 
inches  over  the  side  walls.  They  must  be  doubled  under  high  embankments,  as 
directed  by  the  engineer  or  shown  on  the  drawings. 

60.  End  Walls. — The  end  walls  must  be  covered  with  suitable  coping. 

61.  Dry  Masonry. — Dry  masonry  will  include  dry  retaining  walls  and  slope 
walls. 

Dry  Retaining  Walls. 

62.  Dry  retaining  walls  will  include  all  dry  rubble  work  for  retaining  embank- 
ments or  similar  work. 

63.  Stone. — Flat  stone  at  least  twice  as  wide  as  thick  will  be  used.  Beds 
and  joints  to  be  roughly  dressed  square  to  each  other  and  to  face  of  stone. 

64.  Joints. — Joints  not  to  exceed  three-fourths  of  an  inch. 

65.  Sises  of  Stone. — The  different  sizes  of  stone  must  be  evenly  distributed 
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over  the  whole  face  of  wall,  generally  keeping  the  largest  stone  in  the  lower  part 
of  the  wall. 

66.  Laying. — The  work  shall  be  well  bonded  and  present  a  reasonably  true 
and  smooth  surface,  free  from  holes  or  projections.  This  wall  is  double  faced 
and  self-sustaining. 

Slope  Walls. 

67,  Stone. — Slope  walls  shall  be  built  of  such  thickness  and  slope  as  may  be 
required  by  the  engineer.  No  stone  shall  be  used  in  their  construction  which 
does  not  reach  through  the  wall.  Stones  to  be  placed  at  right  angles  to  the 
slopes.  This  wall  is  single  faced  and  built  with  steep  slopes  simultaneously  with 
the  embankment  which  it  is  to  protect. 


STANDARD  SPECIFICATIONS  FOR  PORTLAND  CEMENT 

CONCRETE* 

1.  Cement. — Cement  shall  be  Portland,  either  American  or  foreign,  which 
will  meet  the  requirements  of  the  standard  specifications. 

2.  Sand. — Sand  shall  be  clean,  sharp,  coarse,  and  of  grains  varying  in  size. 
It  shall  be  free  from  sticks  and  other  foreign  matter,  but  it  may  contain  clay 
or  loam  not  to  exceed  five  (5)  per  cent.  Crusher  dust,  screened  to  reject  all 
particles  over  one-quarter  (i)  in.  in  diameter,  may  be  used  instead  of  sand  if 
approved  by  the  engineer. 

3.  Stone. — Stone  shall  be  sound,  hard  and  durable,  crushed  to  sizes  not 
exceeding,  two  inches  in  any  direction.  For  reinforced  concrete  sizes  usually 
are  not  to  exceed  three-quarters  (})  in.  in  any  direction,  but  may  be  varied  to 
suit  character  of  reinforcing  material. 

4.  Gravel. — Gravel  shall  be  composed  of  clean  pebbles  of  hard  and  durable 
stone  of  sizes  not  exceeding  two  inches  in  diameter,  and  shall  be  free  from  clay 
and  other  impurities  except  sand.  When  containing  sand  in  any  considerable 
quantity,  the  amount  of  sand  per  unit  of  volume  of  gravel  shall  be  determined 
accurately,  to  admit  of  the  proper  proportion  of  sand  being  maintained  in  the 
concrete  mixture. 

5.  Water. — Water  shall  be  clean  and  reasonably  clear,  free  from  sulphuric 
acid  or  strong  alkalies. 

6.  Mixing  by  Hand. —  (a)  Tight  platforms  shall  be  provided  of  sufficient  size 
to  accommodate  men  and  materials  for  the  progressive  and  rapid  mixing  of  at 
least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one 
cubic  yard  each,  and  smaller  batches  are  preferable,  based  upon  a  multiple  of  the 
number  of  sacks  of  cement  to  the  barrel. 

(b)  Spread  the  sand  evenly  upon  the  platform,  then  the  cement  upon  the 
sand  and  mix  thoroughly  until  of  an  even  color.  Add  all  the  water  necessary 
to  make  a  thin  mortar  and  spread  again;  add  the  gravel  if  used,  and  finally  the 
broken  stone,  both  of  which,  if  dry,  should  first  be  thoroughly  wet  down.  Turn 
the  mass  with  shovels  or  hoes  until  thoroughly  incorporated,  and  all  the  gravel 

♦Adopted  by  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association,  1904. 
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and  stone  is  covered  with  mortar;  this  will  probably  require  the  mass  to  be 
turned  four  times. 

(c)  Another  approved  method,  which  may  be  permitted  at  the  option  of 
the  engineer  in  charge,  is  to  spread  the  sand,  then  the  cement  and  mix  dry,  then 
the  gravel  or  broken  stone;  add  water  and  mix  thoroughly  as  above. 

7.  Mixing  by  Machine. — A  machine  mixer  shall  be  used  wherever  the  volume 
of  work  will  justify  the  expense  of  installing  the  plant.  The  necessary  require- 
ments for  the  machine  will  be  that  a  precise  and  regular  proportioning  of 
materials  can  be  controlled  and  that  the  product  delivered  shall  be  of  the 
required  consistency  and  thoroughly  mixed. 

8.  Consistency. — The  concrete  shall  be  of  such  consistency  that  when  dumped 
in  place  it  will  not  require  much  tamping.  It  shall  be  spaded  down  and  tamped 
sufficiently  to  level  off,  and  the  water  should  rise  freely  to  the  surface. 

9.  Forms. — (a)  Forms  shall  be  well  built,  substantial  and  unyielding,  prop- 
erly braced  or  tied  together  by  means  of  wire  or  rods,  and  shall  conform  to  lines 
given. 

(6)  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dressed 
on  one  side  and  both  edges  to  a  uniform  thickness  and  width,  and  shall  be  sound 
and  free  from  loose  knots,  secured  to  the  studding  or  uprights  in  horizontal  lines. 

(c)  For  backings  and  other  rough  work  undressed  lumber  may  be  used. 

(d)  Where  corners  of  the  masonry  and  other  projections  liable  to  injury 
occur,  suitable  moldings  shall  be  placed  in  the  angles  of  the  forms  to  round  or 
bevel  them  off. 

(e)  Lumber  once  used  in  forms  shall  be  cleaned  before  being  used  again. 
(/)  The  forms  must  not  be  removed  within  thirty-six  hours  after  all  the 

concrete  in  that  section  has  been  placed.    In  freezing  weather  they  must  remain 
until  the  concrete  has  had  a  sufficient  time  to  become  thoroughly  set. 

(g)  In  dry  but  not  freezing  weather,  the  forms  shall  be  drenched  with 
water  before  the  concrete  is  placed  against  them. 

10.  Disposition. —  (a)  Each  layer  should  be  left  somewhat  rough  to  insure 
bonding  with  the  next  layer  above;  and,  if  it  be  already  set,  shall  be" thoroughly 
cleaned  and  scrubbed  with  coarse  brushes  and  water  before  the  next  layer  is 
placed  upon  it. 

(b)'  Concrete  shall  be  deposited  in  the  molds  in  layers  of  such  thickness  and 
position  as  shall  be  specified  by  the  engineer  in  charge.  Temporary  planking  shall 
be  placed  at  ends  of  partial  layers,  so  that  none  shall  run  out  to  a  thin  edge.  In 
general,  excepting  in  arch  work,  all  concrete  must  be  deposited  in  horizontal 
layers  throughout. 

(c)  The  work  shall  be  carried  up  in  sections  of  convenient  length,  and  each 
section  completed  without  intermission. 

(rf)  In  no  case  shall  work  on  a  section  stop  within  18  inches  of  the  top. 

(e)  Concrete  shall  be  placed  immediately  after  mixing,  and  any  having  an 
initial  set  shall  be  rejected. 

11.  Expansion  Joints. — (a)  In  exposed  work,  expansion  joints  may  be  pro- 
vided at  intervals  of  30  to  100  ft.,  as  the  character  of  the  structure  may  require. 

(b)  A  temporary  vertical  form  or  partition  of  plank  shall  be  set  up  and  the 
section  behind  completed  as  though  it  were  the  end  of  the  structure.  The  parti- 
tion shall  be  removed  when  the  next  section  is  begun,  and  the  new  concrete 
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placed   against  the  old   without   mortar   flushing.    Locks   shall  be  provided  if 
directed  or  called  for  by  the  plans. 

(c)  In  reinforced  concrete  the  length  of  these  sections  may  be  materially 
increased  at  the  option  of  the  engineer. 

12.  Facing. — (a)  The  facing  will  be  made  by  carefully  working  the  coarse 
material  back  from  the  form  by  means  of  a  shovel,  bar  or  similar  tool,  so  as  to 
bring  the  excess  mortar  of  the  concrete  to  the  face. 

(b)  About  one  inch  of  mortar  (not  grout)  of  the  same  proportions  as  used 
in  the  concrete  may  be  placed  next  to  the  forms  immediately  in  advance  of  the 
concrete. 

(c)  Care  must  be  taken  to  remove  from  the  inside  of  the  forms  any  dry 
mortar  in  order  to  secure  a  perfect  face. 

13.  Proportioning. — The  proportion  of  the  materials  in  the  concrete  shall  be 
as  specifically  called  for  by  the  contract,  or  as  set  forth  herein,  upon  the  lines  left 
for  that  purpose;  the  volume  of  cement  to  be  based  upon  the  actual  cubic  con- 
tents of  one  barrel  of  specified  weight. 


Parts  by  Volume. 

Cement. 

Sand. 

Gravel. 

Broken  Stone. 

14.  Finishing. — (a)  After  the  forms  are  removed,  which  should  generally  be 
as  soon  as  possible  after  the  concrete  is  sufficiently  set,  any  small  cavities  or 
openings  in  the  face  shall  be  neatly  filled  with  mortar,  if  necessary  in  the  opinion 
of  the  engineer.  Any  ridges  due  to  cracks  or  points  in  the  lumber  may  be 
rubbed  down  with  a  chisel  or  wooden  float.  The  entire  face  may  then  be  washed 
with  a  thin  grout  of  the  consistency  of  whitewash,  mixed  in  the  same  proportion 
as  the  mortar  of  the  concrete.  The  wash  should  be  applied  with  a  brush.  The 
earlier  the  above  operations  are  performed  the  better  will  be  the  result. 

(b)  The  tops  of  bridge  seats,  pedestals,  copings,  wing  walls,  etc.,  when  not 
finished  with  natural  stone  coping,  shall  be  finished  with  a  smooth  surface  com- 
posed of  one  part  cement  to  two  parts  of  granite,  or  other  suitable  screenings  or 
sand,  applied  in  a  layer  one-half  (I)  to  one  (i)  in.  thick.  This  must  be  put  in 
place  with  the  last  course  of  concrete. 

15.  Waterproofing. — Where  waterproofing  is  required,  a  thin  coat  of  mortar 
or  grout  shall  be  applied  for  a  finishing  coat,  upon  which  shall  be  placed  a  cov- 
ering of  suitable  waterproofing  material. 

16.  Freesing  Weather. — Ordinarily  concrete  to  be  left  above  the  surface  of 
the  ground  will  not  be  constructed  in  freezing  weather.     Portland  cement  con- 
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Crete,  however,  may  be  built  under  these  conditions  by  special  instructions.  In 
this  case  the  sand,  water  and  broken  stone  shall  be  heated,  and  in  severe  cold 
salt  shall  be  added  in  the  proportion  of  about  two  pounds  per  cubic  yard. 

17.  Reinforced  Concrete. — Where  concrete  is  deposited  in  connection  with 
metal  reinforcing,  the  greatest  care  must  be  taken  to  insure  the  coating  of  the 
metal  with  cement,  and  the  thorough  compacting  of  the  concrete  around  the 
metal.  Wherever  it  is  practicable  the  metal  should  be  placed  in  position  first. 
This  can  usually  be  done  in  the  case  where  the  metal  occurs  in  the  bottoms  of 
the  forms  by  supporting  the  same  on  transverse  wires,  or  otherwise,  when  the 
bottoms  of  the  forms  can  be  flushed  with  cement  mortar,  so  as  to  get  the  mortar 
under  the  metal  at  the  same  time,  and  the  concrete  deposited  immediately  after- 
ward. The  mortar  for  flushing  the  bars  should  be  composed  of  one  part  cement 
and  two  parts  sand.  The  metal  used  in  the  concrete  shall  be  free  from  dirt,  oil 
or  grease.  All  mill  scale  should  be  removed  by  hammering  the  metal,  or  prefer- 
ably by  pickling  the  same  in  a  weak  solution  of  muriatic  acid.  No  salt  will  be 
used  in  reinforced  concrete  when  laid  in  freezing  weather. 

STEEL  PIERS. — Steel  piers  are  made  (i)  of  steel  sections  used 
as  piles,  (2)  in  the  form  of  steel  bents  supported  on  masonry  pedestals, 
or  (3)  of  tubular  or  oblong  steel  shells  filled  with  concrete. 

Steel  Piles. — A  steel  pile  bent  made  of  two  angles  "  starred,"  is 
shown  in  Fig.  224.     This  makes  a  fairly  satisfactory  pier  for  short 


Fig.  224.    Steel  Pile  Bent. 

beam  spans.     This  pier  should  never  be  used  to  carry  the  earth  filling. 
Steel  I  beams  are  frequently  used  in  the  place  of  angles. 

Steel  Bents. — Steel  bents  are  made  of  two  columns  firmly  braced 
together  in  a  plane  at  right  angles  to  the  axis  of  the  bridge.     The  most 
22 
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common  column  for  the  steel  bents  is  composed  of  two  channels  laced 
on  both  sides,  although  Z-bar  columns  are  very  satisfactory  for  heavy 
loads. 

Steel  Tubular  Piers. — Steel  tubular  piers  are  made  of  steel  plates 
riveted  together  and  filled  with  concrete.  Where  the  piers  are  founded 
on  soft  material,  piles  are  driven  in  the  bottom  of  the  tube,  the  piles 
being  sawed  off  below  the  water  line.  The  piles  should  extend  at  least 
two  diameters  of  the  tube  above  the  bottom.  The  tubes  are  braced 
transversely  by  means  of  struts  and  tension  diagonals  above  high  water 
and  by  diaphragm  bracing  below  high  water.  Where  the  piers  will  be 
subject  to  blows  from  floating  drift  or  logs  they  should  be  protected 
by  a  timber  cribwork  or  other  device. 

Cooper's  Standards. — The  tubular  piers  in  Fig.  225  are  from 
Cooper's* "  General  Specifications  for  Foundations  and  Substructures 
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Fia  225.    Steel  Tubular  Piers.    Cooper's  Standard's. 


for  Highway  and  Electric  Railway  Bridges."  Cooper  specifies  a  mini- 
mum thickness  of  |"  for  plates  below  and  J"  above  the  high  water. 

The  minimum  sizes  of  tubular  piers  are  as  given  in  Table  LII. 

A  steel  tubular  pier  with  a  timber  crib  protection  is  given  in  Fig. 
226.     The  crib  is  filled  with  loose  rock. 

An  oblong  steel  shell  pier,  as  designed  by  Cooper,  is  given  in  Fig. 
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TABLE  LII. 
MiNiyuu  Sizes  of  Steel  Tubular  Piers,  Cooper's  Standards,  Fig.  225. 


Hkihwat  aud 

SmcLB  Tr«k  E 

.™«: 

Dou 

BLl  T.* 

K  ELECTitic  Rail 

WAV. 

"it-r 

'^CT 

No.  of 

Mio 

></. 

^CT 

■^•"U^ 

1'  10" 

4 

S 

75 

I  i 

3  9 

4  2 

1 

3 

4 

6 

's     ; 

10 

las 

4    7 

8 

4 

6      4 

150 
175 

i  i 

5  2 

5 

6 

1   ^ 

I,S 

300 

■250 

6       4 

6 

4 

9       0 

227.    The  center  of  the  truss  is  to  come  a/2  +  i  ft.  from  the  end  of 
the  pier.     The  width  a,  as  specified  by  Cooper,  is  given  in  Table  LIII. 


Re.  226,     Stql  Tubular  Pier  \ 


1  Crib  Protection.    Cooper's 


American    Bridge    Company   Standards. — The    American    Bridge 
Company's  standard  tubular  piers  are  shown  in  Fig.  228,     The  mini- 
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mum  diameters  for  a  height  of  15  feet  to  carry  a  single  span  are  spec- 
ified as  in  Table  LIV. 


^B>race-L 

Fig.  227.    Oblong  Steel  Tubular  Pier.    Cooper's  Standards. 

TABLE  UII. 
Minimum  Sizes  of  Oblong  Steel  Piers,  Cooper's  Stakdards. 
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The  tubes  are  made  of  62i-inch  plates  plus  one  variable  plate.     The 
weight  of  the  steel  in  the  tubes  per  lineal  foot  for  different  thicknesses 
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is  given  in  Fig.  229.  In  calculating  the  weight  of  a  pier  add  one  foot 
to  the  length  of  each  tube  before  entering  the  diagram.  The  weight  of 
the  concrete  in  two  tubes  is  given  in  Fig.  229.     The  concrete  is  assumed 
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Fig.  228.    Steel  Tubular  Piers.     (American  Bridge  Co.) 


to  fill  the  tube,  the  space  occupied  by  piles  should  be  deducted. 

The  number  of  piles  required  for  different  diameters  of  tubes  is 
given  in  Table  LV. 

The  number  of  piles  required  for  large  tubes  agrees  quite  closely 
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with  Cooper's  specifications,  but  the  number  for  small  tubes  is  very 
much  less. 

Pier  Beams. — The  sizes  of  pier  beams  required  for  different  panel 
lengths  and  clear  distance  between  tubes  in  feet  are  given  in  Fig.  230. 

TABLE  LIV. 

Minimum  Diameters  of  Steel  Tubular  Piers  for  a  Height  of  15  Feet  to 
Carry  a  Single  Span.    American  Bridge  Company  Standards. 


Span  in  Fbet. 


DiAMBTRR  IN  InCHHS. 
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42 

Increase  the  diameter  3  ins.  for  each  additional  5  ft.  in  height 

TABLE  LV. 

Number  of  Piles  Required  for  Tubular  Piers.    American  Bridge  Company 

Standards. 
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The  pier  beam  should  be  assumed  as  one  foot  longer  than  the  clear 
distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 

Pier  Bracing. — The  pier  bracing  for  piers  supporting  the  ends  of 
two  spans  are  given  in  Fig.  231.  If  the  spans  are  unequal  in  length, 
enter  the  diagram  with  one-half  of  the  algebraic  sum  of  the  spans. 
For  example,  for  a  pier  carrying  a  75-ft.  and  a  125-ft.  span,  enter  the 
diagram  with  a  span  of  100  ft.  Steel  tubular  piers  should  never  be 
used  for  end  abutments  carrying  a  fill. 
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In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar 
should  be  multiplied  by  the  weight  per  foot  as  obtained  from  a  hand- 
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Fig.  229.    Weight  of  2  Steel  Tubes  Per  Lineal  Foot.    (American  Bridge  Co.) 

Standards. 


book,  and  the  details  for  one  bar  added  to  the  product.    In  calculating 
the  weight  of  the  struts  add  one  foot  to  the  clear  length. 
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Pier  Caps. — Tubular  piers  may  be  capped  with  steel  plate  caps,  may 
be  finished  with  concrete,  or  may  have  a  stone  pedestal  block  as  in  Fig. 
232.     The  weights  given  above  do  not  include  the  weights  of  steel  caps. 

Details. — The  shop  details  of  one  tube  of  a  steel  pier  for  a  220-iL 
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Fig.  230.    Pier  Beams  for  Tubular  Piers.     (American  Bridge  Co.) 

highway  bridge  are  shown  in  Fig.  232.  The  horizontal  joints  are  lap 
joints,  while  the  vertical  joints  are  single  strap  butt  joints.  This  tube 
was  4'  3"  in  diameter.  These  tubes  were  to  have  5  piles  driven  in  the 
bottom,  and  were  then  filled  with  1-3-6  Portland  cement  concrete. 

The  shop  details  of  steel  tubular  piers  for  a  95-ft.  riveted  highway 
bridge  are  given  in  Fig.  166. 
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A  steel  tubular  pier  for  a  120- ft.  span  electric  railway  bridge  is 
shown  in  Fig.  233.  The  lower  section  of  the  tube  is  8  feet  in  diameter, 
while  the  upper  section  of  the  tube  is  4  feet  in  diameter.  The  details 
of  the  bridge  carried  by  these  piers  are  given  in  Figs.  160  and  161. 

Specifications  for  Steel  Tubular  Piers. — The  plates  for  the  tubes 
shall  be  not  less  than  ^  in.  thick  for  tubes  up  to  30  ins.  in  diameter,  not 
less  than  -^  in.  for  tubes  from  30  to  48  ins.  in  diameter,  and  f  in.  for 
tubes  from  48  to  72  ins.  in  diameter.  Where  the  plates  are  in  contact 
with  the  soil  the  thickness  shall  be  increased  at  least  -^  in.  For  ^ 
in.  plate  and  less  use  f  in  rivets ;  for  f  in.  plate  and  over  use  f  in.  rivets. 
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Fig.  231.    Bracing  for  Tubular  Piers.     (American  Bridge  Co.) 

The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch 
of  4  diameters  of  rivet;  while  the  vertical  seams  shall  preferably  be 
butt  riveted  with  single  riveting  spaced  4  diameters  of  rivet,  up  to  48 
inches  diameter  of  tubes,  and  double  riveting  with  3  inch  spacing  for 
tubes  of  larger  diameter. 

The  bracing  of  piers  shall  be  designed  to  take  all  the  wind  forces 
specified  to  come  on  the  birdge.  Diaphragm  webs  are  to  be  used  up 
to  well  above  high  water  for  piers  located  in  the  stream  or  where 
floating  materials  may  find  lodgment.  Oblong  piers  shall  be  braced 
against  inside  and  outside  pressure.  Piers  exposed  to  injury  from 
floating  logs  and  drift  shall  be  protected. 

The  tubes  should  be  painted  inside  and  out  with  two  coats  of  red 
lead  and  linseed  oil,  or  other  prescribed  paint. 
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Fig.  232.    Details  of  Steel  Tubular  Pier. 
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The  materials  and  workmanship  shall  comply  with  the  specifica- 
tions in  Appendix  I. 

Erection. — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk 
well  below   possible  scour  by  loading  the  tube  and  excavating  the 


Fig.  233,    Steel  Tubular  Pier  fob  ijo-ft.  Span  Electric  Railway  I 


material  from  the  inside.  For  this  purpose  a  clamshell  bucket  is  very 
effective.  Driving  the  tube  with  a  pile  driver  will  cut  off  the  rivets 
in  the  horizontal  seams  and  will  not  be  permitted.  After  the  tube  is 
sunk,  piles  are  to  be  driven  inside  of  the  steel  shell,  as  closely  together 
as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  ins  to  the  steel 
shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed 
off  below  the  low  water  mark  and  reaching  at  least  2  diameters  of 
the  tube  above  the  bottom.     The  space  inside  the  tubes  shall  then  be 
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filled  with  concrete  well  tamped.     Concrete  should  not  be  deposited  in 
running  water  if  possible  to  prevent  it. 

Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to 
the  rock  and  then  filled  with  concrete.  Or  cribs  may  be  sunk  on  the 
rock  and  the  tube  set  in  a  pocket  in  the  crib  and  resting  on  the  rock. 
The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is 
filled  with  concrete  in  the  usual  manner. 


CHAPTER   XVI. 
Stresses  in  Solid  Masonry  Arches. 

Introduction. — An  arch  is  a  beam  or  framework  in  which  the  reac- 
tions are  not  vertical  for  vertical  loads.  Arches  are  divided,  according 
to  the  number  of  hinges,  into  three-hinged  arches,  two-hinged  arches, 
one-hinged  arches  and  arches  without  hinges  or  continuous  arches. 
Solid  two-hinged  and  continuous  arches  constructed  of  masonry  or 
concrete,  only,  will  be  considered  in  this  chapter.  For  the  analysis 
of  a  two-hinged  arch  with  spandrel  bracing,  see  the  author*s  "  The 
Design  of  Steel  Mill  Buildings,"  Chapter  XIV. 

The  vertical  reactions  in  arches  are  the  same  as  in  a  simple  beam 
having  the  same  loads  and  span.  The  horizontal  reactions,  however, 
depend  upon  the  deformation  of  the  arch,  and  are  not  statically  deter- 
minate. Two-hinged  masonry  or  concrete  arches  are  rarely  used,  but 
the  theory  of  this  type  will  be  deduced  as  preliminary  to  the  theory  of 
the  arch  with  fixed  abutments. 

STRESSES  IN  A  TWO-HINGED  ARCH.  Reactions.— The 
vertical  reactions  of  the  two-hinged  arch  in  (a)  Fig.  235,  are  the  same 
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as  for  a  simple  beam  having  the  same  loads  and  span.  The  horizontal 
reactions  will  he  H  =  H,  and  will  be  equal  to  the  pole  distance  of  the 
force  polygon  in  (b)  that  is  used  to  draw  the  true  equilibrium  polygon. 
The  value  of  H  depends  upon  the  elasticity  of  the  arch  and  is  not 
statically  determinate. 

Having  calculated  the  vertical  reactions  V^  and  Fj  by  means  of 
moments  in  the  usual  manner,  and  the  horizontal  components  H,  as 
will  be  described  presently,  the  equilibrium  polygon  in  (a)  may  be 
drawn  using  the  force  polygon  in  (b)  .Fig.  235.  The  requirements  being 
that  the  equilibrium  polygon  must  pass  through  the  hinges,  and  that 
the  force  polygon  must  have  a  pole  distance  equal  H. 

The  bending  moment  at  any  point  in  the  arch  will  then  be  H-t, 
where  H  is  the  pole  distance  of  the  equilibrium  polygon,  and  t  is  the 
intercept  from  the  point  at  which  the  moment  is  to  be  determined  to 
the  string  F3P4.  The  shear  on  the  section  of  the  arch  m-n  will  be  5*,, 
while  the  direct  axial  stress  will  be  P,  as  shown  in  (b)  Fig.  235. 

Calculation  of  Horizontal  Reaction,  H. — Now  for  equilibrium  in 
the  two-hinged  arch  in  Fig.  236,  the  following  conditions  must  be 
satisfied:  (i)  the  span  must  remain  constant;  and  (2)  the  abutments 
must  maintain  the  same  relative  positions.  These  relations  will  be 
expressed  in  the  form  of  equations  of  condition. 


Fig.  236. 


In  Fig.  236  assume  that  the  arch  ring  is  rigid  except  the  length  ds 
which  bends  under  the  action  of  some  external  loading.  Now  the 
point  C  will  move  to  £  if  the  arch  be  not  constrained,  the  horizontal 
deformation  being  CD  =  dx,  and  the  vertical  deformation  being 
ED  =  dy.    The  angle  CBE  =  d<l>. 
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Then 


BC  =  y'Seca 
dx  =  CE'Cosa 
=  y^d<t> 


(lOl) 


-c 


Fig.  237. 

Now  in  a  beam,  as  in  Fig.  237,  the  stresses  at  any  point  in  the  beam 
will  vary  as  the  distance  from  the  neutral  axis,  and  ffom  similar  tri- 
angles we  have 

i?:dj::c:  A, 
and 

R'A=C'ds  (102) 

Now  if  5"  is  the  fiber  stress  on  the  extreme  fiber,  and  E  is  the  mod- 
ulus of  elasticity,  we  have  A:S::ds:E,  and 


A'E==S-ds 
and  solving  (102)  and  (103)  for  R,  we  have 

« 

R^S  =  E'C 


(103) 


(104) 


But  from  the  common  theory  of  flexure  we  have  M*c  =  S'I,  and 
substituting  in  (104) 

R  =  E'I/M  (105) 

Also 

R'd<l>  =  ds,  and  d<l>=^ds/R  (106) 
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Substituting  the  value  of  R  as  given  in  (105)  in  (106)  we  have 

d<l>/ds  =  M/E'I  (107) 

And  substituting  the  value  of  d<f>  as  given  in  (107)  in  (loi) 

dx  =  M'y'ds/E'I  (108) 

Now  if  bending  takes  place  over  the  entire  length  of  the  span  of 
the  arch  the  total  horizontal  deformation  will  be 

A^=Z-^£^-  (109) 

In  the  two-hinged  arch  the  span  is  constant  and 

A^  =  Z-;£r7-  =  o  (no) 

Now  in  Fig.  236 

CE  =  BC'd<l> 

BC  =  X'Csca 

dy=CE -sin  a 

=  X'd<f> 

and  in  the  same  manner  as  for  A^  it  can  be  proved  that 

^y^H—^-J o  (III) 

Now  either  equation  (no)  or  equation  (in)  will  be  sufficient  to 
determine  the  pole  distance  in  Fig.  235. 

Now  in  equation  (no)  the  value  of  M  at  any  point  in  the  arch 
will  be  M  =  Af'  —  H-y,  where  M'  is  the  bending  moment  as  calculated 
in  a  simple  beam,  H  is  the  horizontal  component  of  the  reaction  and  y 
is  the  ordinate  of  the  point  in  the  arch  as  in  Fig.  236. 

Inserting  the  value  of  M  in  equation  (no),  it  becomes 


{AP-H-y) 

2- — -gn — yds^o, 


and 
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O, 


and 


H 


AT  -yds 
EI 

^  EI 


(112) 


In  like  manner  by  inserting  the  value  of  M  in  (iii),  it  becomes 


H^ 


M  -x-ds 

EI 
x-y-ds 
~ET 


("3) 


Graphic  Solution. — Now  in  Fig.  238  let  polygon  AEB  be  a  random 
polygon  drawn  with  an  assumed  pole  distance  H* ;  polygon  ADB  is  the 
true  equilibrium  polygon  drawn  with  the  true  pole  distance  //;  and 
ACB  is  the  linear  arch. 

Then  the  bending  moment  at  C  in  Fig.  238  will  be 


Fig.  238. 


M  =  M'  —  H'y 
=  H'CD 

=  HDF  —  H'CF 

=  H-DF  —  H'y 

But  DF  is  not  yet  known.    However,  we  have  the  relation  that  the 
23 
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ordinates  to  the  two  equilibrium  polygons  are  inversely  proportional 
to  the  pole  distances ;  and 

EF:DF::H:H\ 
and. 

DF  =  EF'H'/H  =  EF'r, 

where  r  equals  the  ratio  of  the  assumed  pole  distance  to  the  true  pole 
distance. 
Then 

M  =  EF'H'r  —  H'y  (114) 

Now  substituting  the  value  of  M  given  in  (114)  in  (no) 

_  EF'  H-ryds      _  H-y^  -  ds 

and 

^f'ds 

^  EI 

^     EI 
In  like  manner  equation  (rii)  becomes 

—^x-yds 
2-    EI 

''= -un^ -J  ("^ 

^~~E7r~ 

Now  in  equations  (115)  and  (116)  if  E-I  is  a  constant,  the  arch 
may  be  divided  into  segments  of  equal  length;  or  if  E-I  is  not  a  con- 
stant the  arch  may  be  divided  into  segments  for  which  ds/E-I  is  a 
constant,  and  we  may  write 

r  =  SyV5£F.3;  (115') 

and 

r  =  5^.y/S£F-;r  (116') 

Graphic  Interpretation  of  Equations. — Referring  to  Fig.  238,  it 
will  be  seen  that  the  numerator  in  (115')   is  the  summation  of  the 
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products  of  the  ordinates  to  the  arch  taken  at  the  centers  of  the  seg- 
ments mto  which  the  arch  ring  is  divided;  while  the  denominator  is 
the  summation  of  the  products  of  the  ordinates  to  the  random  equilib- 
rium polygon  taken  at  the  centers  of  the  segments  into  which  the  arch 
ring  is  divided,  and  the  distances  of  the  segment  from  the  line  AB, 

In  (ii6')  the  numerator  is  the  summation  of  the  products  of  the 
coordinates  of  the  centers  of  the  segments  into  which  the  arch  ring  is 
divided,  while  the  denominator  is  the  summation  of  the  products  of 
the  ordinates  to  the  random  equilibrium  polygon  taken  at  the  centers 
of  the  segments  into  which  the  arch  ring  is  divided,  and  the  distances 
of  these  ordinates  from  the  abutment  A, 

Graphic  Solution  of  the  Stresses  in  a  Two-hinged  Arch. — 
Divide  the  given  arch  ring  into  a  number  of  segments,  varying  from 
lo  to  20  parts,  in  which  ds/EI  equals  a  constant.  Assume  that  the 
external  loads  act  through  the  centers  of  the  segments..  Lay  off  the 
loads  and  construct  a  force  polygon  with  a  pole  distance  //',  and  draw 
the  equilibrium  polygon  so  that  it  will  pass  through  the  hinges  A  and  B 
of  the  arch.  Now  to  use  equation  (ii5')»  scale  off  the  ordinate  y  of 
each  point  in  the  arch  ring  at  which  the  loads  are  applied  and  assume 
that  these  ordinates  are  horizontal  loads  acting  at  the  points  in  the  arch 
ring  of  which  they  are  the  ordinates;  lay  off  these  ordinates  as  hori- 
zontal loads  and  with  the  assumed  pole  distance  H"  draw  an  equilib- 
rium polygon  with  the  force  polygon  thus  constructed.  In  like  manner 
assume  that  the  ordinates  to  the  random  equilibrium  polygon  at  the 
corresponding  points  in  the  arch  are  horizontal  forces;  construct  a 
force  polygon  with  a  pole  distance  //"  (use  the  same  pole  distance 
for  both  force  polygons)  and  draw  an  equilibrium  polygon  with  the 
force  polygon  thus  constructed.  The  bending  moments  at  the  right 
abutment  for  the  two  loadings  will  be  proportional  to  the  horizontal 
deformation  of  the  hinge  B  for  the  two  loadings,  and  r  will  be  equal 
to  the  ratio  of  the  two  bending  moments  as  given  by  equation  (115'). 

To  use  equation  (116')  graphically  the  loads  are  taken  as  acting 
vertically,  and  the  bending  moments  at  B  as  calculated  by  means  of  the 
two  equilibrium  polygons  will  be  proportional  to  the  vertical  deforma- 
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tion  at  B  under  the  influence  of  the  two  systems  of  loading,  and  r  will 
be  equal  to  the  ratio  of  the  two  bending  moments. 

Having  calculated  the  true  pole  distance,  H,  the  true  equilibrium 
polygon  is  drawn  as  in  Fig.  235. 

Temperature  Stresses. — With  an  increase  or  decrease  in  tempera- 
ture the  arch  will  expand  or  contract  uniformly  and  the  change  in  the 
span  will  be 

A^=±^•^L  (117) 

where  e  is  the  coefficient  of  linear  expansion  of  the  material  (e  for 
steel  and  concrete  is  approximately  0.0000067  P^^  degree  Fahr.)  ;  t  is 
the  change  in  temperature  in  degrees  Fahr. ;  and  L  is  the  span  of  the 
arch  in  the  same  units  as  Ax. 
Then  equation  (no)  becomes 

__  Af'  V  •  ds 

Now  if  Ht  is  the  horizontal  component  that  will  produce  the  same 
horizontal  movement  as  the  change  in  temperature  as  given  by  (no") 
then,  M  =  Ht'y,  and 

^  EI 

The  total  value  of  the  horizontal  component  of  the  reaction  will 
ht  H  +  Ht. 

STRESSES  IN  AN  ARCH  WITHOUT  HINGES.  Introduc- 
tion. — In  an  arch  without  hinges  the  following  conditions  must  be  sat- 
isfied :  ( I )  the  span  must  be  constant  1(2)  the  abutments  must  maintain 
the  same  relative  positions;  and  (3)  the  tangents  to  the  neutral  axis  of 
the  arch  at  the  abutments  must  remain  fixed. 

From  the  discussion  of  the  two-hinged  arch  we  have 

A^=Z— ^/--o  (no) 
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Ar-Z    £./    -o  ("0 

Also  from  equation  (107)  d<f>  =  M-ds/E-J,  and 

A*  =  i:-^r7  =  o  (119) 

In  Fig.  239  at  the  left  abutment,  A,  the  vertical  reaction  is  F„ 
the  horizontal  reaction  is  H,  and  the  bending  moment  is  W,  =  Hji, 


'ffyk 


Fic,  239. 

At  the  right  abutment,  B,  the  vertical  reaction  is  V^,  the  horizontal 
reaction  is  H,  and  the  bending  moment  is  M^=^H-y^.  Now  if  the 
arch  were  hinged  at  A  and  B,  the  line  of  resistance  would  be  the 
equilibrium  polygon  AEB  drawn  with  a  force  polygon  having  a  pole 
distance  equal  to  the  horizontal  reaction  H  for  a  two-hinged  arch. 
With  the  arch  with  fixed  ends  there  is  bending  moment  at  points 
A  and  B  and  the  equilibrium  polygon  will  pass  through  points  A'  and 
B'  and  will  take  the  position  A'DB',  the  points  a  and  b  being  points  of 
contra-flexure  (points  A'  and  B'  may  both  be  below  the  abutments, 
both  above  the  abutments,  or  one  may  be  below  and  the  other  above, 
depending  upon  the  loading  and  elastic  properties  of  the  arch). 
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Now  if  the  arch  ring  is  divided  into  segments  so  that  ds/E*I^=^g, 
a  constant,  equations  (no),  (ni)  and  (119)  become 

2M.3P  =  o  (no') 

5M.:r=o  (in') 

5M  =  o  (119') 

The  bending  moment  M  at  the  point  C  will  be 

M  =  //.f  =  M'  — //(y  — FF') 

=  M^-H\{y-y,)^x{y,-y;)/L\  (120) 

where  M'  is  the  bending  moment  due  to  the  vertical  loads  calculated 
as  in  a  beam;  //is  the  true  horizontal  reaction;  y  is  the  ordinate  of 
the  point  in  question  in  the  arch  referred  to  the  line  AB ;  FF\  y^  and 
y^  are  as  shown ;  and  L  is  the  span  of  the  arch. 

Substituting  the  value  of  M  in  (120)  in  (no')  we  have 

5A/.v  =  2A/'-^f  — //.5[(3'  — 3^1)  +^(3'i— y2)/^]y  =  0 
and 

In  like  manner  by  substituting  in  equation  (in') 

"Llx^y-x •  ji  +  x\y^  - y^jL]  ' ^ ^^^ 

and  by  substituting  in  equation  (119') 

From  equations  (121),  (122)  and  (123)  it  will  be  seen  that  there 
are  three  equations  and  three  unknowns,  H,  y^  and  y^,  so  that  the 
problem  can  be  solved  by  substituting  in  the  three  equations  of  condi- 
tion. In  solving  these  equations  the  arch  ring  must  be  divided  into 
sections  in  the  same  manner  as  for  the  graphic  solution. 
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Graphic  Solution. — ^In  Fig.  240  ACB  is  the  arch  ring  and  A'DB' 
is  the  true  equiHbrium  polygon  drawn,  with  a  force  polygon  having  a 
true  pole  distance,  H,  the  loads  being  applied  at  the  centers  of  the 


Fig.  240. 

segments  of  the  arch  determined  so  that  ds/EJ=^z  constant.  Now 
the  bending  moment  at  C  will  be  M  =  H'V,  and  the  equations  of  condi- 
tion are  found  by  substituting  in  (ii9')>  (iio')  and  (m')  to  be 


2z'=o 

%V'y=o 


(124) 

(125) 
(126) 


Now  draw  the  line  ab  in  Fig.  240  so  that  it  will  satisfy  the  conditions 


(127) 
(128) 


in  which  1/  is  the  vertical  distance  of  any  point  C  from  the  line  ab,  x 
being  the  abscissa  of  the  point  C  referred  to  the  abutment  A.  Now  in 
Fig.  240,  z/=z/' — z/,  and  substituting  in  (124) 


but  from  (127) 


2z;  =  2(z;"  — 7;')=27;"_Sz/  =  0 


Sz;'==o,  and  Sz;"=o 


(129) 


Substituting  in  (125) 


St;.jir  =  S(2;"  —  z;')jr  =  Sz/'-^ — Sz/.jr  =  o 
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but  from  (128) 

5z/.jr  =  o,  and  Sz/'-;r  =  o  (130) 

Substituting  in  (126) 

from  which 

Si/'.3f  =  2z/.3»  (131) 

Equations  (129)  and  (130)  may  be  satisfied  by  an  infinite  number 
of  equilibrium  polygons  drawn  for  the  given  loading.  In  practice 
assume  a  pole  distance  and  draw  an  equilibrium  polygon.  Draw  the 
closing  line  ab  in  Fig.  240  so  that  Sz/  =  o,  and  2z^'-;r  =  o,  and  then 
calculate  2z/'-y.  Also  calculate  5z^-y  for  the  arch  ring.  If  H'  is  the 
assumed  pole  distance  and  H  is  the  true  pole  distance,  then  if  Sz/'-y  is 
not  equal  to  XtZ-y  the  true  pole  distance  may  be  found  from  the 
proportion 

H:H':::iz/''y::iv''y 

Problem  i. — Given  a  segmental  reinforced  concrete  highway  arch 
having  a  span  of  50'  o",  a  rise  of  15'  o",  and  a  thickness  of  2'  o", 
carrying  a  spandrel  loading  as  shown  and  a  live  load  of  400  lbs.  per 
square  foot.  The  solution  will  be  made  for  a  live  load  over  one-half 
the  span.  This  loading  ordinarily  gives  maximum  bending  moments  in 
the  arch  ring.  The  arch  ring  will  be  divided  into  10  equal  segments, 
beginning  and  closing  with  a  half  segment  as  shown;  the  loads  were 
calculated  and  numbered  i,  2,  3,  4,  etc.,  as  shown  in  Fig.  241. 

Now  lay  off  the  loads  i,  2,  3,  etc.,  and  construct  a  force  polygon 
with  an  assumed  pole  distance  of  28,000  lbs.  as  in  (b).  With  force 
polygon  in  (b)  construct  equilibrium  polygon  FsF'  in  (c).  Now 
draw  nn'  parallel  to  VV\  nV  being  made  e^ual  to  the  arithmetical 
mean  of  the  ordinates  to  the  equilibrium  polygon  F5F',  at  the  points 
I,  2,  3,  etc.  The  sum  of  the  ordinates  i-i',  2-2',  3-3',  etc.,  between 
nn'  and  the  equilibrium  polygon  F5F'  will  now  be  equal  to  zero,  and 
the  condition  %i/'  =  o  will  be  satisfied. 

To  satisfy  equation  (130),  2z^'-jr=o,  the  center  of  gravity  of 
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the  positive  ordinates  at  i,  2,  3,  etc.,  to  the  equilibrium  polygon,  F5F' 
must  be  in  the  same  vertical  line  with  the  center  of  gravity  of  the 
negative  ordinates  i,  2,  3,  etc.,  of  the  negative  polygon  Vnn'V, 

To  calculate  the  center  of  gravity  of  the  ordinates  to  the  equilib- 
rium polygon  V$V',  lay  off  the  loads  i,  2,  3,  etc.,  in  (d)  proportional 
to  the  ordinates  i,  2,  3,  etc.,  to  the  equilibrium  polygon  V$V',  assume 
a  pole  distance  (for  convenience  the  pole  distance  was  taken  the  same 
as  in  (b)),  and  draw  the  equilibrium  polygon  in  (e).  The  line  0"b  in 
(d)  drawn  parallel  to  the  closing  line  ac  in  (e)  gives  the  reactions 
R^  and  /?2-  Now  for  a  symmetrical  arch  we  have  with  sufficient 
accuracy 

mV=2{2R^  —  R^)/n,  and  m'V  =  2{2R^—R^)/n 
Then 

mV  \nV  ::2R^  —  R^:\{Ry^  +  R^) 
and 

mT':WV'\:2R^  —  R,:\{R^  +  R;) 

(These  relations  are  exact  for  equally  spaced  ordinates,  and  are 
sufficiently  exact  for  all  ordinary  cases.) 

Lay  off  m'V  and  mV  and  draw  mm\  The  equation  5z^'--r  =  o  is 
now  satisfied. 

Equations  (129)  and  (130)  are  now  satisfied  and  intercepts  i-i', 
2-2',  3-3',  etc.,  are  proportional  to  the  true  moments  in  the  arch.  To 
determine  the  true  pole  distance  equation  ( 131 )  must  be  satisfied.  This 
requires  that  5z''-y  =  2t'"-y. 

In  (a)  draw  line  ab  parallel  to  AB,  by  making  a  A  equal  to  the 
arithmetical  mean  of  the  ordinates  to  the  arch  ring  at  the  centers  of 
the  segments  i,  2,  3,  etc.  Then  if  the  intercepts  i-i',  2-2',  3-3',  etc., 
are  considered  as  horizontal  loads,  2z/-v  may  be  calculated  as  follows: 
In  (f)  lay  off  the  ordinates  i-i',  2-2',  3-3',  etc.,  to  the  arch  ring  as 
horizontal  loads  acting  at  points  in  the  arch  ring  (the  loads  in  (f)  are 
taken  twice  their  true  value),  assume  a  pole  distance,  in  this  case 
H=i2  feet,  and  draw  equilibrium  polygon  (f).  In  (g)  lay  off 
ordinates  i-i',  2-2',^c.,  in  equilibrium  polygon  (c)  as  horizontal  loads 
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acting  at  corresponding  points  in  the  arch  ring,  assume  a  pole  distance, 
for  convenience  the  same  pole  distance  should  be  assumed  as  in  (f), 
and  draw  equilibrium  polygon  (g').  The  true  pole  distance  will  then 
be  jy^=  15.1/19.5  X  28,000  =  21,900  lbs. 

To  determine  the  pole  0'  in  (b)  Fig.  241  draw  Ob  parallel  to  VV 
in  (c),  through  b  in  (b)  draw  bO"  parallel  to  the  line  gh  in  (a)  which 
is  located  by  laying  off  a5f  =  mF  X  28,000/21,900  and  bh  =  m'V' 
X  28,000/21,900.  The  pole  0"  will  be  on  the  line  &0"  at  a  distance 
//  =  21,900  lbs.  from  the  load  line. 


Neutra/Ax/s ^— 

Ifhe  ofReshiance  - 


28 


t^h^2l900  Ib^.-n 


(C) 

5pan  50/'0"L  to  c. 
.Rise  /5'0"io  c. 
Thickneas  2''0'i 

Radius  2d-0t 
Fig.  242. 


To  draw  the  true  equilibrium  polygon  in  Fig.  242  lay  off  the  loads 
I,  2,  3,  etc.,  and  take  the  pole  distance  //  =  21,900  lbs.  as  in  (b)  Fig. 


^ 
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241  and  (b)  Fig.  242.  In  (a)  Fig.  242  lay  off  aV=:ag  in  (a)  Fig. 
241  =  mV  in  (c)  Fig.  242,  and  lay  oflF  bV  =  bh  in  (a)  Fig.  241  =  tn'V' 
in  (c)  in  Fig.  242.  Now  beginning  at  F  in  (a)  with  the  force  polygon 
in  (b)  construct  the  true  equilibrium  polygon,  the  line  VV  being  the 
closing  line. 

The  shear  at  the  section  ^A  =  2,000  lbs.  The  direct  thrust  in 
the  arch  ring  at  the  section  gh  is  P  =  32,000  lbs.  The  eccentricity 
of  P  at  the  section  gh  is  ^  =  4",  and  the  bending  moment  will  be 
M  =  32,000  X  4=  128,000  in.-lbs. 

The  maximum  stress  on  the  section  gh  is 

S  =  P/AitM'C/I 

32,000      128,000  X  12 
■"  24X  12      ^  X  12  X24* 

=  +iiiitiii  =  +  222  or  o  lbs. 
For  the  design  of  a  reinforced  concrete  arch  ring,  see  Chapter  XVII. 

Temperature  Stresses. — With  an  increase  or  decrease  in  tempera- 
ture the  arch  will  expand  or  contract  uniformly  if  there  is  no  resistance. 
The  tangents  at  the  abutments  will  remain  fixed  which  requires  that 
l,(M'ds/E'I)=o,  The  abutments  will  remain  at  the  same  relative 
heights,  which  requires  that  HM-x-ds/E'I)  =0.  Now  if  there  be  no 
constraint  and  the  arch  is  free  to  move  under  the  load 

Now  if  the  movement  in  Fig.  243  is  prevented  by  the  horizontal 
reaction  H\  the  value  of  M  in  (132)  will  be  =  //'-z/,  where  1/  has 
values  as  will  now  be  described. 

In  Fig.  243  draw  the  line  ab  so  that  l,(7/'ds/E-I)=o,  where  z/  is 
the  distance  from  the  line  ab  to  the  arch  ring.  Now  the  horizontal 
reaction  H'  must  be  sufficient  to  bring  the  arch  back  to  its  original 
position.     Substituting  in  (109) 

.^^Mv'ds      ^H'  'z/  'yds 

A*  =  2:-:g:7 — —^eT/—  033) 
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Now  make  ds/E'I=g,  a  constant,  and 


and 


H''gl,v''y=e't'L 
H'  =  ±et'L/{g-'Sv''y) 
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Now  for  a  change  of  50"*  Fahr. 

^.^L  =  0.0000067  X  50  X  600"  =0.20" 
g  =  ds/E'I=  (6  X  12)7(2,000,000  X  13,824)  =  1/384,000,000 

i7/'y  =  iX  19-3  X  12  X  144=16,680 


ff^zt 


0.20 


=  =fc  4,600  lbs. 


384,000,000 


X  16,680 


Stresses  Due  to  Rib  Shortening. — The  direct  thrust  will  cause 
a  shortening  of  the  arch  rib  in  addition  to  the  stresses  already  calcu- 


FiG.  243. 

lated.  If  the  direct  thrust  were  constant  for  all  sections  of  the  arch 
ring  the  effect  would  be  approximately  the  same  as  a  decrease  in  tem- 
perature. Now  if  e  is  the  coefficient  of  linear  expansion  per  degree 
Fahr.,  the  change  in  temperature  that  will  have  the  same  shortening 
effect  as  the  direct  thrust  will  be 

t  =  P/(A'E'e) 
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where  P  is  the  direct  thrust,  A  is  the  area  of  the  section,  and  E  is  the 
modulus  of  elasticity. 
In  this  arch 

f= 32,000/ ( 12  X  24  X  2,000,000  X  0.0000067)  =8.4° 

The  value  of  H  for  this  decrease  in  temperature  will  be  8.4/50 
X  4,600  lbs.  =  —  750  lbs. 

Summary. — ^To  provide  for  the  stresses  due  to  direct  loads,  the 
temperature  and  the  direct  thrust  the  pole  distance  will  be 

//  =  +  21,900  zt  4,600  zp  750  =  25,750  or  16,350  lbs. 

To  complete  the  analysis  of  the  stresses  in  the  arch,  the  stresses 
should  be  calculated  in  the  same  manner  as  in  Fig.  242  for  a  horizontal 
thrust  of  25,750  lbs.  and  16,350  lbs. 

For  further  information  on  the  calculation  of  stresses  in  solid 
arches,  see  Howe's  "  Symmetrical  Masonry  Arches,"  Turneaure  and 
Maurer's  "  Principles  of  Reinforced  Concrete,"  and  Buel  and  Hill's 
"  Reinforced  Concrete." 


CHAPTER  XVII. 

Design  of  Masonry  Bridges  and  Culverts. 

Introduction. — When  properly  constructed,  concrete  or  stone  ma- 
sonry bridges  are  permanent,  and  this  type  of  structure  should  be  given 
the  preference  when  conditions  are  favorable  for  its  construction. 
Masonry  bridges  may  be  classed  under  (i)  arches,  (2)  beam  or  truss 
leg  spans,  (3)  culverts.  Masonry  arch  highway  bridges  may  be  built 
of  concrete  or  stone  masonry.  The  discussion  in  this  chapter  will  be 
confined  chiefly  to  concrete  construction.  The  principles  deduced  for 
concrete  arches  may  be  used  in  the  design  of  stone  masonry  arches. 
Before  taking  up  the  design  of  concrete  structures  it  will  be  necessary 
to  discuss  very  briefly  the  theory  of  reinforced  concrete.  For  a  more 
complete  discussion  of  reinforced  concrete  the  reader  is  referred  to 
"  Principles  of  Reinforced  Concrete  Construction  "  by  Turneaure  and 
Maurer,  published  by  John  Wiley  &  Sons. 

Theory  of  Reinforced  Concrete. 

CONCRETE. — Concrete  is  fabricated  by  thoroughly  mixing  hy- 
draulic cement,  sand  and  gravel  or  broken  stone,  together  with  sufficient 
water  to  produce  a  mixture  of  the  proper  consistency.  The  mixture  is 
immediately  deposited  in  molds  and  is  well  tamped.  When  concrete  is 
reinforced  with  steel  it  is  mixed  with  more  water  than  when  it  is  used 
plain.    For  standard  specifications  for  concrete,  see  Chapter  XV. 

Strength. — The  strength  of  concrete  varies  with  the  proportions  of 
the  mixture,  the  quality  of  the  cement  and  other  ingredients,  the  method 
of  mixing  and  depositing  and  the  age.  The  following  may  be  taken  as 
average  values.  The  cement  is  assumed  to  be  a  first-class  American 
Portland,  the  sand  a  clean,  moist,  bank  sand,  and  the  stone  is  equal  in 
quality  to  a  first-class  limestone  and  has  about  45  per  cent  voids. 
The  proportions  were  determined  by  volume,  the  cement  being  packed 
in  the  barrel  or  sack.     Gravel  concrete  may  be  taken  as  from  75  to 

80  per  cent  of  the  strength  of  broken  stone  concrete. 

Compressive  Strength. — Average  values  for  the  compressive 
strength  of  first-class  Portland  cement  concrete  of  different  propor- 
tions are  given  in  Table  LVI. 
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TABLE  LVI. 

Compressive  Stbength  of  Portland  Cement  Concrete  in  Pounds  pes  Square 

Inch. 


Proportions. 

Agb,  X  Month. 

Agb,  6  Months. 

I  cement.  2  sand,  a  broken  stone 

2,440 
2.350 
2,030 

1,950 
x,8oo 

1,570 

3.300 
3»i8o 

2,740 
2.630 
2,400 
2,120 

I  cement.  2  sand,  k  broken  stone 

I  cement,  3  sand,  5  broken  stone 

I  cement,  3  sand,  6  broken  stone 

I  cement,  3  sand,  8  broken  stone 

I  cement,  4  sand,  8  broken  stone 

Tensile  Strength. — The  tensile  strength  is  difficult  to  determine  by 
direct  experiment,  and  is  usually  taken  as  one-tenth  of  the  compressive 
strength.  With  factor  of  safety  of  4  to  6  the  safe  tensile  stresses  will 
vary  from  80  to  40  lbs.  per  sq.  in. 

Working  Stresses. — To  obtain  safe  working  stresses  use  a  factor 
of  safety  of  from  4  to  6.  Working  stresses  of  500  to  600  lbs.  per 
sq.  in.  for  compression,  and  50  lbs.  per  sq.  in.  for  tension  are  very 
commonly  used  for  good  1-3-6  Portland  cement  concrete  (tension  is 
neglected  in  the  calculation  of  reinforced  concrete  beams). 

Modulus  of  Elasticity. — The  modulus  of  elasticity  of  concrete  is 
not  a  constant  quantity  as  is  the  modulus  of  elasticity  of  steel,  but  varies 
with  the  proportions  and  ingredients,  and  with  the  stress  in  the  concrete. 

The  following  values  have  been  proposed  for  use  in  reinforced  con- 
crete design  where  wet  Portland  cement  concrete  is  used. 


TABLE  LVII. 
Modulus  of  Elasticity  of  Portland  Cement  Concrete. 


Proportions. 


i:i>^ 
T  :2 
Broken  stone  or  gravel  concretes  i :  2 

1-3 
1:4 

Cinder  concrete 1 :  2 


3 

4 

5 
6 

8 
5 


Modulus  of  ELAsncrrr, 
Pounds  pbr  Squarb  Inch. 


4,000,000 
3,000,000 
2,500,000 
2,000,000 
1,500,000 
508.000 


Shear. — Very  few  experiments  have  been  made  to  determine  the 
shearing  strength  of  concrete.  Recent  tests  would  appear  to  show  that 
the  shearing  strength  of  concrete  is  from  60  to  80  per  cent  of  the  com- 
pressive strength. 
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Adhesion  to  Steel  Rods. — Where  the  yield  point  of  the  rod  is  not 
exceeded  the  adhesion  of  smooth  rods  to  concrete  varies  from  about 
^75  to  700  pounds  per  square  inch  of  surface  in  contact.  Deformed 
rods  have  a  greater  adhesion  than  plain  rods.  With  a  factor  of 
safety  of  6  to  4,  the  safe  adhesion  will  vary  from  50  to  80  lbs.  per 
sq.  in.  for  1-3-6  Portland  cement  concrete.  Experience  would  show 
that  deformed  rods  should  be  imbedded  in  concrete  not  less  than 
30  diameters  and  plain  rocjs  not  less  than  50  diameters  in  order  that 
the  tensile  strength  of  the  rod  be  developed. 

Tests  of  Reinforced  Concrete  Beams. — Many  tests  have  been  made 
to  determine  the  strength  and  behavior  of  reinforced  concrete  beams. 
The  tests  by  Professor  A.  N.  Talbot,  recorded  in  University  of  Illinois 
Engineering  Experiment  Station  Bulletin,  Nos.  i,  4,  8,  10,  12  and  14, 
are  very  valuable  and  instructive.* 

RESISTANCE  OF  REINFORCED  CONCRETE  BEAMS 
TO  FLEXURE. — Reinforced  concrete  beams  may  fail  by  (i)  tension 
of  steel;  (2)  compression  of  concrete;  (3)  shear  of  concrete;  (4)  bond 
or  slip  of  rods;  (5)  diagonal  tension  of  concrete;  (6)  miscellaneous 
methods,  like  the  splitting  of  concrete  away  from  the  rods,  crushing  of 
bearings,  etc.     A  given  beam  is  not  liable  to  fail  by  all  the  methods. 

A  careful  study  of  the  experiments  of  Professor  Talbot  and  others, 
shows  that  the  third  or  straight  line  stage  referred  to  by  Professor 
Talbot  gives  the  most  satisfactory  formulas  for  use  in  design. 

This  theory  assumes  the  following  principles : 

1.  A  plane  section  before  bending  remains  a  plane  section  after 
bending. 

2.  Tension  is  carried  entirely  by  the  steel. 

3.  No  initial  tension  or  compression  in  the  steel. 

4.  Perfect  adhesion  of  concrete  to  the  steel. 

5.  Constant  modulus  of  elasticity  of  concrete,  as  in  the  case  of 
simple  beams  of  steel. 

6.  The  unit  deformation  in  any  horizontal  fiber  varies  directly  as 
its  distance  from  the  neutral  axis. 

7.  In  any  cross-section  of  a  beam  the  sum  of  the  tensile  stresses 
equals  the  sum  of  the  compressive  stresses. 

♦A  summary  of  Professor  Talbot's  conclusions  are  given  in  the  author's 
book  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  Chapter  IV.  Copies 
of  these  and  other  bulletins  may  be  obtained  by  addressing  the  director  of  the 
Station. 

24 
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8.  The  moment  of  the  stresses  in  any  section  must  equal  the  moment 
of  the  applied  loads  on  either  side  of  the  section. 

The  maximum  stress  in  the  concrete  is  about  15  per  cent  less  when 
calculated  by  the  parabolic  theory  proposed  by  Professor  Talbot  than 
by  the  straight  line  theory  given  below. 

Notation.* — ^The  following  notation  will  be  used : 
b  =  breadth  of  rectangular  beam. 
rf  =  distance  from  the  compression  face  to  the  center  of  the  metal 

reinforcement. 
d'=:  distance  from  the  center  of  the  reinforcement  to  center  of  gravity 

of  compressive  stresses, 
it  =  ratio  of  distance  between  compression  face  and  neutral  axis  to 

distance  d. 
£r  =  distance  from  compression  face  to  center  of  gravity  of  compres- 
sive stresses. 
-^=area  of  cross-section  of  metal  reinforcement. 
p  =  A/b'd=Tstio  of  area  of  metal  reinforcement  to  area  of  concrete 

above  center  of  reinforcement. 
0  =  circumference  or  periphery  of  one  reinforcing  bar. 
fM  =  number  of  reinforcing  bars. 
Es  =  modulus  of  elasticity  of  steel. 
Eo  =  modulus  of  elasticity  of  concrete  in  compression, 
n  =  £,/£<.  =  ratio  of  two  moduli. 

^r=  tensile  stress  per  unit  of  area  in  the  metal  reinforcement, 
c  =  compressive  stress  per   unit  of  area  in  most  remote  fiber  of 

concrete. 
c,  =  deformation  per  unit  of  length  in  the  metal  reinforcement. 
£^  =  deformation  per  unit  of  length  in  most  remote  fiber  of  the  con- 
crete. 
il/  =  bending  moment  at  the  given  section  per  inch  of  width. 
ilf'=  total  bending  moment  at  the  given  section. 
J  =  horizontal  tensile  stress  per  unit  of  area  in  the  concrete. 
/  =  diagonal  tensile  stress  per  unit  of  area  in  the  concrete. 
«  =  bond  stress  per  unit  of  area  on  the  surface  of  the  reinforcing  bars. 
z/  =  vertical  shearing  stress  and  horizontal  shearing  stress  per  unit  of 
area  in  the  concrete. 

♦  Notation  adopted  by  Professor  Talbot  in  University  of  Illinois  Engineering 
Experiment  Station  Bulletin,  No.  4. 
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Distribution  of  Stresses  in  Beams. — In  (c)  Fig.  244,  b  is  the 
breadth,  d  is  the  depth  of  the  beam  above  the  center  of  the  steel,  and 
^•d  is  the  distance  of  the  neutral  axis  below  the  top  of  the  beam,  k 
being  a  ratio. 

In  (a)  the  deformations  are  shown  to  be  proportional  to  the  dis- 
tance from  the  neutral  axis,  and  in  (b)  the  stress  in  the  steel  is  n  times 
the  stress  in  concrete  at  the  same  distance  from  the  neutral  axis. 

Now  in  (b)  Fig.  244  we  have  summation  of  horizontal  compressive 
stresses  equal  to  horizontal  tensile  stress  in  steel,  and 


smce 
and 


iC'k'd  =  f'A/b  =  f'p'd 
p=zA/b'd 

iC'k=f'P 


(136) 


(137) 


We  also  have  from  (b)  that 


c:f/n::k-d:d(i  —  k) 

f'k'd  =  C'n'd{i  — k) 

f,k  =  C'n{i  — k) 


(138) 


Deformathn 


Compressive  Stress 
I  I 


Deform  of  ton  ofStetl 

(a) 


r — ^ — *\ 

Tensile  5tress 

(b) 


Section  of3ean7 
(C) 


Fig.  244. 


And  substituting  the  value  of  /  from  (137) 
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iC'k^  =  C'p'n(l  — k) 


k  =  —  pn+y/2p'n  +  p''n^  (139) 

Since  the  bending  moment  equals  the  resisting  moment,  if  M  =  the 
bending  moment  per  inch  of  width,  then 

M  =  iC'kd-d'  =  A'f'dyb  (140) 

=  ic-k-d^(i  —  ik)=A-f-d{i—ik)/b  (141) 

Hence  the  formula  for  the  strength  of  a  rectangular  beam  per  inch 
of  width  in  terms  of  strength  of  steel,  f,  is 

M  =  A'f'd(i—ik)/b  (142) 

And  in  terms  of  compresive  strength  of  concrete,  c, 

M  =  ic^k-d'ii  —  iik)  (143) 

In  Fig.  245  values  of  k  have  been  plotted  for  values  of  p  from  0.002 
(0.2  per  cent)  to  0.024  (2.4  per  cent),  and  for  «  =  io,  n=i5,  and 
n  =  20. 

The  allowable  bending  moments  for  /=  10,000  lbs.  per  sq.  in.*  for 
different  values  of  p  and  n  are  plotted  for  concrete  beams  12  inches  wide 
and  from  4  to  36  inches  deep,  varying  by  2  inches  in  depth.  Corre- 
sponding values  of  the  compression  in  the  concrete  are  given  on  the 
right  of  the  diagram.  The  use  of  the  diagram  will  be  illustrated  by 
solving  two  problems : 

Problem  i. — Required  the  safe  uniform  load  including  the  weight 
of  the  beam  for  a  reinforced  concrete  beam  12  inches  wide  and  24 
inches  deep  to  the  center  of  reinforcement,  and  20  feet  long,  for 
/=  10,000  lbs.  per  sq.  in.,  p  =  o,oi  (i  per  cent),  concrete  1-3-6. 

Solution, — For  1-3-6  concrete  £c  =  2,000,000  and  n=i5.  Enter- 
ing the  right  hand  table  on  the  lower  edge  with  p  =  o.oi  pass  up  to 
the  curve  n=  15,  and  on  the  right  edge  the  stress  in  concrete,  c,  equals 
480  lbs.,  and  on  the  left  edge  ^  =  0.42  and  (i  —  ik)  =0.86.  Then  on 
horizontal  line  (i  —  ^^)=o.86  pass  to  the  left  until  it  intersects  the 
inclined  line  "  Beam  24","  then  pass  down  on  the  vertical  line  passing 
through  the  intersection  of  the  horizontal  line  and  the  "  Beam "  line 

*  Factor  of  safety  of  6  in  the  steel. 
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until  the  inclined  line  p  =  o.oi  is  cut;  then  on  the  horizontal  line 
passing  through  the  intersection  of  the  vertical  line  and  the  line  of 
^r=o.oi  pass  to  the  left  edge  where  we  find 

Af' =  50,000  ft.-lbs. 
To  find  the  safe  uniform  load  we  have 

and 

W^  =  20,000  lbs., 
or 

w=  1,000  lbs.  per  lineal  foot. 

The  area  of  steel  reinforcement,  A,  is  given  by  the  intersection  of 
the  line  p  =  o.oi  and  "  Beam  "  line  and  is  a  little  less  than  3  sq.  in. 

The  entire  depth  of  beam  would  be  26",  and  the  safe  load  per  lineal 
foot  exclusive  of  weight  of  beam  would  be  w'  =  w  —  325  =  675  lbs. 

li  p  were  taken  equal  to  0.02  we  would  have  c  =  750  lbs. ;  k  =  0.535 1 
Af' =  95,000  ft.-lbs. ;  w=:  1,900  lbs. ;  and  w/=  1,575  lbs.  Which  gives 
a  much  greater  safe  load  but  a  much  larger  stress  in  the  concrete  than 
is  usually  allowed. 

For  a  fiber  stress  in  the  steel  /=  15,000  lbs.  per  sq.  in.  in  the  prob- 
lem above,  add  50  per  cent  to  the  stress  in  the  concrete  on  the  right  and 
50  per  cent  to  the  allowable  bending  moment  on  the  left. 

Problem  2. — Required  the  depth  of  a  reinforced  concrete  beam  12 
inches  wide  that  will  carry  a  bending  moment  of  80,000  ft.-lbs., 
/=  10,000  lbs.  per  sq.  in. ;  p  =  o.o2  (2  per  cent),  using  1-2-4  concrete. 

Solution. — For  1-2-4  concrete  £0  =  3,000,000  and  n=io.  Now 
enter  the  table  on  the  right  with  p  =  o.02  and  pass  up  a  vertical  line 
to  curved  line  n=  10;  then  on  the  right  ^  =  870  lbs.;  and  on  the  left 
J^  =  0.462.  Following  across  the  second  diagram  to  the  left  as  in 
Problem  i,  we  see  that  a  beam  22  inches  deep  will  carry  82,000  ft.-lbs., 
which  is  sufficient. 

This  beam  is  designed  for  a  factor  of  safety  of  about  4  for  the  con- 
crete and  about  6  for  the  steel.  The  reinforcement  should  be  />  =  o.oi, 
for  which  a  30"  beam  is  required.     In  this  beam  ^  =  555  lbs. 

Ratio  of  Reinforcement  and  Working  Stresses. — From  the  dia- 
gram in  Fig.  245  it  will  be  seen  that  to  obtain  the  same  factor  of  safety 
in  both  concrete  and  steel  the  reinforcement  should  be  as  follows :  For 
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1-2-4  concrete,  />  =  o.oi  (i  per  cent)  ;  for  1-3-6  concrete,  />  =  0.009 
(0.9  per  cent)  ;  for  1-4-8  concrete,  />==  0.007  (0-7  P^r  cent).  Exces- 
sive reinforcement  results  either  in  a  waste  of  steel  or  in  excessively 
high  compressive  stresses  in  the  concrete. 

Bond  or  Resistance  to  Slipping  of  Reinforcing  Bars. — Where 
there  is  no  web  reinforcement  the  shear  is  taken  by  the  concrete  and 
the  shear  increments  are  transferred  to  the  bars  by  the  adhesion  of  the 
concrete  to  the  bars.  The  solution  is  the  same  as  that  for  finding  the 
pitch  of  rivets  in  the  flanges  of  a  plate  girder. 

Now  in  (b)  Fig.  244  take  two  right  sections  at  a  distance  dx  apart. 
Equilibrium  of  these  two  sections  is  maintained  by  the  resisting  moment 
of  the  bond  which  is  equal  and  opposite  to  the  moment  of  the  vertical 
shear,  a  couple  with  an  arm  dx. 

Taking  moments  about  center  of  gravity  of  compressive  forces  we 
have 

V'dx  =  m'0'U'dX'd'  (i44) 

where  m  =  number  of  bars,  (?  =  surface  of  bar  for  one  inch  in  length, 
ii  =  bond  developed  per  square  inch  of  surface  of  bar,  and  V  is  the 
vertical  shear  in  the  beam. 
Solving  for  u,  we  have 

u  =  V/(m'0-d')  (145) 

Equation  (145)  applies  to  the  case  of  horizontal  bars.  For  inclined 
bars  d'  will  be  a  variable  and  u  will  be  the  horizontal  component  of  the 
bond  resistance. 

Vertical  and  Horizontal  Shearing  Stresses. — At  any  point  in  a 
beam  the  vertical  unit  shearing  stress  is  equal  to  the  horizontal  unit 
shearing  stress.  The  horizontal  shearing  stress  transmits  the  incre- 
ments of  tension  to  the  reinforcing  bars  by  bond  stresses,  as  explained 
in  the  preceding  discussion. 

The  amount  of  this  horizontal  stress  transmitted  to  the  reinforcing 
bars  is  by  equation  (145) 

fn'0'U=  V/d' 

Now  if  the  horizontal  shear  just  above  the  plane  of  the  bars  is  v, 
the  total  horizontal  shearing  stress  will  be  v-b,  and 

v=V/b-d'  (146) 

As  no  tension  is  assumed  to  exist  in  the  concrete,  the  horizontal  shear 
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will  be  constant  up  to  the  neutral  axis,  above  which  point  it  decreases 
to  zero  at  the  top  of  the  beam.  It  will  be  seen  that  lean  or  poor  con- 
crete lacking  in  shearing  strength  should  not  be  placed  below  the  neutral 
axis  of  beams  with  the  idea  that  it  may  be  satisfactory  for  the  reason 
that  the  concrete  is  assumed  to  take  no  tension. 

Diagonal  Tension  in  Concrete. — In  Mechanics  of  Materials  (Mer- 
rfman's  Mechanics  of  Materials,  p.  265,  1905  edition)  it  is  shown  that 
shear  and  tensile  stresses  combine  to  cause  diagonal  tensile  stresses 


t  =  is+Vis'  +  v'  (147) 

where  t  is  the  diagonal  tensile  unit  stress,  s  is  the  horizontal  tensile 
unit  stress,  and  v  is  the  horizontal  or  vertical  shearing  unit  stress. 
The  direction  that  stress  t  makes  with  the  horizontal  is  one-half  the 
angle  whose  cotangent  is  is/ v.  If  there  is  no  tension  in  the  concrete 
this  reduces  to 

t  =  v  (148) 

and  t  makes  an  angle  of  45**  with  the  horizontal. 

Stresses  due  to  diagonal  tension  may  be  carried  ( i )  by  bending  the 
reinforcing  bars,  or  strips  sheared  from  them,  into  a  diagonal  position, 
or  (2)  by  means  of  stirrups  to  take  the  vertical  component  of  the 
diagonal  tension. 

Depth  of  Concrete  Below  Bars. — For  adequate  fire  protection  a 
thickness  of  2  inches  is  necessary.  Where  fire  protection  is  not  required 
Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  uses  a  thickness  of  i"  for  beams 
4  inches  deep,  2"  for  beams  20  inches  and  over,  and  proportional  thick- 
ness for  the  depths  between  4  and  20  inches. 

Spacing  of  Bars. — An  arbitrary  rule  is  to  space  bars  no  nearer 
together  in  the  clear  than  two  diameters,  and  in  no  case  less  than  i^ 
inches  apart,  nor  nearer  than  i  J  inches  to  either  side  of  the  beam. 

Length  of  Bar  to  Imbed  in  Concrete. — Experiments  show  that 
plain  bars  should  be  imbedded  for  a  length  of  not  less  than  50  diam- 
eters, and  deformed  bars  for  not  less  than  30  diameters.  Where  bars 
can  not  be  imbedded  for  this  length  they  should  be  bent  or  anchored. 

Shrinkage  and  Temperature  Stresses. — The  coefficient  of  expan- 
sion of  concrete  is  practically  the  same  as  for  steel,  and  is  about 
rt  0.0000065.  The  shrinkage  in  hardening  causes  considerable  stress, 
but  this  stress  is  not  unduly  high  unless  the  ratio  of  the  steel  is  high. 
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If  the  Structure  is  not  free  to  expand  or  contract  cracks  will  form  at 
intervals.  If  plain  concrete  expands  and  contracts  the  same  as  rein- 
forced concrete,  as  is  usually  assumed,  it  will  not  be  possible  to  prevent 
cracks.  The  reinforcement,  however,  will  cause  the  cracks  to  take 
place  so  close  together  that  they  will  not  be  large,  and  may  be  invisible. 
The  cracks  will  not  become  large  until  after  the  steel  has  passed 
its  elastic  limit.  The  temperature  stress  in  the  steel  must  be  consid- 
ered. The  percentage  of  reinforcement,  p,  required  to  prevent  large 
cracks  in  concrete  will  be 

tensile  strength  of  concrete 


elastic  limit  of  steel  minus  temperature  stress  in  steel 

For  a  change  of  50°  the  temperature  stress  in  the  steel  =  50 
X  .0000065  X  30,000,000  =  9,750  lbs.  per  sq.  in.  For  a  tensile  stress 
of  200  lbs.  per  sq.  in.  in  the  concrete,  and  an  elastic  limit  of  40,000  lbs. 
per  sq.  in.  in  the  steel 

p  =z  200/30,250  =  .0066 

For  an  elastic  limit  of  60,000  lbs.  per  sq.  in.  in  the  steel 

p  =  200/50,250  =  .004 

It  will  be  seen  that  for  reinforcement  against  temperature  stresses  a 
high  steel  with  mechanical  bond  is  desirable. 

Stresses  in  T-beams. — The  following  additional  notation  will  be 
used: 

6  =  width  of  flange. 

6'  =  width  of  web. 

d  =  depth  from  top  of  flange  to  center  of  steel  reinforcement. 

^  =  thickness  or  depth  of  flange. 

There  are  two  cases  to  consider:  (i)  where  the  neutral  axis  is  in 
the  flange,  and  (2)  where  the  neutral  axis  is  in  the  web. 

(i)  Neutral  Axis  in  the  Flange, — Formulas  (136)  to  (143),  inclu- 
sive, apply  to  this  case,  b  in  the  formulas  representing  flange  width,  and 
p  =  A/b'd.  T-beams  for  case  (i)  may  be  designed  by  diagram.  Fig. 
245,  the  b  and  d  used  being  the  same  as  for  rectangular  beams. 

The  arm  of  the  couple,  consisting  of  the  compressive  and  tensile 
stresses,  will  always  be  greater  than  d'  =  d  —  ^t,  and  the  following 
approximate  formula  for  tension  in  the  steel  is  on  the  safe  side 
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M'  =  A'f(d  —  it) 
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(149) 


where  M'  =  total  bending  moment  in  the  beam. 

(2)  Neutral  Axis  in  the  Web, — The  amount  of  the  compression  in 
the  web  is  small  as  compared  with  that  in  the  flange  and  will  be 
neglected.  The  arm  of  the  couple,  consisting  of  the  compressive  and 
tensile  stresses,  will  never  be  as  small  as  d'  =  d  —  \t,  while  the  average 
compressive  stress  will  never  be  as  small  as  \c,  except  when  the  neutral 
axis  is  at  the  top  of  the  web.  The  approximate  formulas  for  case 
(2)  are 

M'  =  ^./(d-it)  (150) 


M'  =  ic.&.^(c/  — iO 


(151) 


Shear, — The  shear  in  a  T-beam  will  be  practically  the  same  as  in  a 
rectangular  beam  having  a  width  6',  equal  to  the  thickness  of  the  web. 


k  C-** 


Fig.  246. 


Stresses  in  Beams  with  Double  Reinforcement. — The  following 
additional  notation  will  be  used : 
/i'  =  area  of  the  cross-section  of  the  metal  in  the  compressive  rein- 
forcement. 
p' =  A' /b'd  =  ratio  of  steel  in  compression  to  the  area  of  concrete 

above  the  tensile  reinforcement, 
y^' =  compressive  stress  in  steel  reinforcement. 

jgr' =  distance  from  the  top  of  the  beam  to  the  resultant  of  the  com- 
pressive forces  in  the  beam. 
d"=  distance  from  the  top  of  the  beam  to  the  center  of  the  steel  in 
compression. 
Now  from  (138) 

f  =  n-C'(i  —  k)/k  (138) 

and  also 

f  =  n'C'(k  —  d'yd)/k  (152) 

Now  the  compressive  stresses  are  equal  to  the  tensile  stresses  and 
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f'A=iC'k'b'd  +  f'A' 


(153) 


Now  inserting  values  of  /  and  /'  from  (138)  and  (152)  the  location 
of  the  neutral  axis  may  be  obtained  from  the  formula 


Now 


k^  +  2n{p  +  p')k  =  2n(p  +  p''d"/d) 


d'  =  d  —  z 


(154) 


For  approximate  calculations  we  may  take  d'  =  o.8srf,  A  =  0.45,  and 


M'=  (0.19+  io.5/>')c-&-d* 


(iSS) 
(156) 


Flexure  and  Direct  Stress. — When  the  normal  resultant  of  the 
forces  acting  on  the  section  of  a  beam  does  not  act  through  the  neutral 
axis  of  the  section  there  will  be  both  flexural  and  direct  stresses. 


-1 


Fig.  248. 


In  concrete  beams  the  direct  stress  is  always  compression,  and  there 
are  therefore  two  cases:  (i)  all  compressive  stresses,  and  (2)  part  com- 
pressive and  part  tensile  stresses. 

(i)  Stresses  all  Compressive, — The  maximum  compression  on  the 
concrete  will  be 
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e     '  m 

and  the  maximum  compression  in  the  steel  on  the  side  in  which  the  con- 
crete is  stressed  highest  is 

n-N  n-Mjkd-d') 

and  the  maximum  tension  in  the  steel  on  the  other  side  is 

n-DT  n  •  M{d-k  ■  d) 

^~  b-k  +  An  +  A'-n  I,-\-n-I  ^^  59) 

where 

A^  =  the  direct  normal  stress. 
^'  =  the  area  of  the  steel  on  the  side  of  the  beam  having  maximum 

compression. 
A  =  the  area  of  the  steel  on  the  other  side. 
/t  =  entire  depth  of  beam. 

/^j=  moment  of  inertia  of  the  concrete  about  the  neutral  axis  of  the 
transformed  beam;  if  the  reinforcement  is  symmetrical 
about  the  center  of  the  beam  then  I=z^b'd^, 
/,  =  moment  of  inertia  of  the  steel  about  the  neutral  axis  of  the 
transformed  section  (in  the  transformed  section  the  steel 
IS  reduced  to  concrete  by  multiplying  the  area  of  the  steel 
by  n). 
d'  =  distance  from  maximum  compression  side  to  the  center  of  area 

of  steel  A'. 
(2)  Both  Tensile  and  Compressive  Stresses. — (a) If  the  tension  in 
the  concrete  is  so  small  as  to  be  permissible  the  unit  stresses  may  be 
calculated  as  in  Case   (i).     The  maximum  tension  in  the  concrete 
will  be 

^  ^i-k  +  A-n  +  A^i"    f+nl^  ^^^^^ 

(fe)  If  the  tension  in  the  concrete  is  too  large  to  be  carried  it  will 
be  on  the  safe  side  to  design  the  beam  so  that  the  compression  in  the 
concrete  due  to  the  force  N,  and  the  bending  moment  as  given  by  equa- 
tion (156)  is  within  safe  limits,  and  that  the  combined  stress  in  the 
steel  is  within  safe  limits,  and  approximately 
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M  N       

'^"  (0.19  +  lo.spy-d^  "^  b'h  +  n{A  +  A')  ^^^^^ 

^         o.ZSP'bd^'^  bh+n{A  +  A')  ^^^^^ 

STRESSSES   IN    COLUMNS.— Concrete   columns   are   seldom 
made  with  a  length  of  more  than  12  to  15  times  the  least  width,  while 
experiments  show  that  there  is  little  difference  in  the  strength  of 
columns  up  to  ratios  of  20  to  25.     Columns  are  reinforced  by  means 
of  longitudinal   rods  extending  the   full  length  of  the  column;  by 
means  of  bands  either  in  the  form  of  hoops  or  a  continuous  spiral; 
or  with  both  longitudinal  and  hooped  reinforcement. 
The  following  notation  will  be  used : 
A  =  total  cross-section  of  a  plain  concrete  column. 
-^0  =  cross-section  of  the  concrete  in  a  reinforced  concrete  column. 
-^«  =  cross-section  of  the  steel. 
c  =  stress  in  the  concrete. 
/  =  stress  in  the  steel. 
p  =  A,/A, 

ft  =  Ea/Ec. 

P==  total  strength  of  a  plain  concrete  column  for  stress  c. 
P'=: total  strength  of  reinforced  concrete  column  for  stress  c. 
Then 

P  =  C'A 
and 

P'=^c-Ae  +  f'As  (163) 

=  c(A  —  p'A)  -j-c-n-p-A  (164) 

=  C'A[i  +  {n—i)p]  (165) 

The  ratio  of  the  strength  of  the  reinforced  to  the  plain  concrete 
column  is 

PyP==zi+(n—i)p  (166) 

Now  if  n  =  20  and  p=i  per  cent,  then  P'/P  =1.19,  or  an  increase 
of  19  per  cent.  The  ultimate  strength  of  1-2-4  Portland  cement  con- 
crete in  columns  may  be  taken  at  1,600  lbs.  per  sq.  in. 

Columns  with  Hooped  Reinforcement. — Experiments  show  that 
hooped  reinforcement  adds  considerably  to  the  ultimate  strength  of 
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reinforced  columns  but  that  very  little  stress  can  be  developed  in  the 
Steel  for  ordinary  conditions.  Hooped  reinforcement  is,  however,  quite 
effective  in  preventing  sudden  failure  of  columns.  Considere  gives  the 
following  formula  for  the  strength  of  hooped  columns 

P'  =  c-A+2.4p-f'A  (167) 

in  which  the  hooped  reinforcement  is  counted  as  worth  2.4  times  as 
much  as  longitudinal  reinforcement. 

In  calculating  the  strength  of  reinforced  concrete  columns  the  con- 
crete outside  the  reinforcement  is  neglected  in  calculating  the  strength 
of  the  column,  this  concrete  being  for  protection  only. 

From  an  extensive  series  of  experiments  Professor  A.  N.  Talbot 
found  that  the  ultimate  strengths  of  hooped  columns  were  given  by  the 
following  formulas : 

for  mild  steel,  P'=  1,600  -|-  65,ooo/> 
for  high  steel,  P'=  1,600+  ioo,ooo/> 

where  P'  =  strength  per  square  inch,  and  />  =  percentage  of  steel  in 
terms  of  the  concrete  within  the  hoops.  The  strength  of  the  plain  con- 
crete is  taken  at  1,600  lbs.  per  sq.  in. 

Plain  or  Deformed  Bars. — For  ordinary  conditions  little  is  to  be 
gained  by  using  deformed  bars  in  the  place  of  plain  bars.  However, 
where  very  high  steel  is  used,  or  where  the  dynamic  effect  of  the  live 
load  requires  consideration,  it  gives  an  added  degree  of  safety  to  use 
deformed  bars.  Where  a  spandrel  filling  or  ballast  is  used  on  top  of 
the  arch  ring,  the  dynamic  effect  of  the  live  load  on  highway  and  elec- 
tric railway  bridges  is  a  very  small  percentage  of  the  live  load,  and  may 
ordinarily  be  neglected  altogether.  With  ordinary  unit  stresses  in  con- 
crete and  steel  little  is  to  be  gained  by  the  use  of  steel  with  a  high 
elastic  limit. 

Methods  of  Reinforcement. — Many  of  the  arches  which  have  so 
far  been  constructed  have  been  built  according  to  some  patented  system. 
In  the  Monier  system  the  reinforcement  consists  of  wire  netting,  one 
layer  being  placed  near  the  extrados  and  the  other  near  the  intrados 
of  the  arch.  The  wires  following  the  arch  ring  are  larger  than  the 
transverse  wires,  the  latter  being  intended  to  take  the  temperature  and 
setting  stresses. 

In  the  Melan  system  the  steel  is  in  the  form  of  ribs  of  rolled 
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I-sections,  or  built  up  lattice  girders,  spaced  2  to  3  feet  apart,  Mr. 
Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  has  constructed  most  of  the  arches 
built  under  this  system  in  this  country. 

The  Kahn  system  is  shown  in  Fig.  254,  and  the  Luten  system  is 
shown  in  Figs.  255  to  257. 

Many  arches  are  now  being  built  in  which  bars  of  any  satisfactory 
form  are  employed  in  a  manner  to  meet  the  requirements  of  the  prob- 
lem. The  principal  value  of  reinforcement  in  a  concrete  arch  is  in 
preventing  cracks  due  to  settlement  and  in  making  it  possible  to  use 
higher  working  stresses  in  the  concrete  than  would  be  permissible  with 
plain  concrete.  On  account  of  the  difficulty  in  exactly  locating  the 
line  of  resistance,  it  is  considered  the  best  practice  to  reinforce  both 
the  intradorsal  and  extradorsal  sides  of  the  arch  ring. 

REINFORCED  CONCRETE  BEAM  BRIDGES.— For  short 
spans  up  to  15  to  20  feet  beam  bridges  are  commonly  made  of  a 
single  slab  of  uniform  thickness  spanning  the  opening.  For  longer, 
spans  the  floor  system  is  made  of  deeper  horizontal  girders  support- 
ing a  relatively  thin  floor  slab.  Beam  bridges  for  single  spans  are 
designed  as  simple  beams  and  should  be  investigated  for  shearing 
stresses.  The  rods  should  be  securely  fastened  to  the  end  walls.  The 
end  'Oralis  should  be  designed  as  retaining  walls  to  take  the  thrust  of 
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Fig.  249.    FiFTEEN-FT.  Span  Reinforced  Concrete  Beam  Highway  Bridge. 


the  earth  fill,  for  which  see  the  author's  book  "  The  Design  of  Walls, 
Bins  and  Grain  Elevators."  The  required  live  loads  for  highway  and 
electric  railway  bridges  are  given  in  Appendix  I. 
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Examples  of  Reinforced  Concrete  Beam  Bridges. — A  concrete 
bridge  with  15-ft.  span,  designed  by  the  Illinois  State  Highway  Com- 
mission, A.  N.  Johnson,  highway  engineer,  is  shown  in  Fig.  249.  The 
concrete  was  composed  of  one  part  Portland  cement,  2J  parts  sand, 
and  5  parts  broken  stone ;  the  rock  to  be  broken  so  that  ali  would  be 
retained  on  a  J  in.  screen  and  all  pass  a  ij  in.  screen.  Bars  with 
mechanical  bond  were  used  in  this  bridge. 


Fi&  250.    THwrv-FT.  Span  Reinforced  Concrete  Beam  Highway  Bridge. 

A  concrete  bridge  with  a  span  of  30  ft.,  as  designed  by  the  Illinois 
Highway  Commission,  is  shown  in  Fig.  250.  A  bridge  similar  to  this, 
built  for  Tazewell  County,  Illinois,  with  i6-ft.  clear  roadway  and  ro  ft. 
from  floor  to  bed  oi  stream,  contained  go  cu.  yds.  of  concrete  and  8,600 
lbs.  of  steel  reinforcement.  The  contract  price  for  this  bridge  was 
$1,125.00. 

,  A  Steel  Concrete  Viaduct.— The  steel  foot  viaduct  in  Fig.  251  and 
Fig.  252  was  erected  at  Cedar  Rapids,  Iowa.  The  structure  is  341 
ft.  long  and  has  the  steel  trusses  connected  by  floorbeams  and  the  lower 
lateral  system  encased  in  concrete,  and  a  reinforced  concrete  floor. 
There  is  no  provision  made  for  the  expansion  and  contraction  of  the 
structure.  The  bridge  is  designed  for  a  live  load  of  40  lbs.  per  sq.  ft. 
The  chords  of  the  trusses  are  composed  of  two  angles  6"  X  3i",  the 
webs  are  single  angles  3"X2j",  while  the  posts  resting  on  the  piers 
are  two  angles  4"  X  3"-     The  trusses  are  encased  in  a  sheathing  of 
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I"  matched  planks,  6  ins.  wide.  This  sheathing  is  covered  with  wire 
netting  made  of  Ko.  i8  wire,  2j"  mesh,  kept  about  %  in.  away  from 
the  sheathing  by  lathing.  The  plaster  coat  is  i  in.  thick  and  is  made 
of  one  part  Portland  cement  and  two  parts  sand,  dnd  is  then  given  two 
finishing  coats  of  grout.  The  reinforced  concrete  floor  is  12  in.  thick, 
reinforced  by  wire  nettbg  and  by  the  lower  lateral  system.  The  con- 
crete in  the  floor  is  composed  of  1-2^-5  Portland  cement  concrete, 
with  a  wearing  coat  of  1-2  Portland  cement,  i  in.  thick.  This  bridge 
was  designed  by  Mr.  J.  W.  Schaub,  M.  Am.  Soc.  C.  E.,  and  cost 
complete  about  $7,500.00. 


Fig.  251.    Steel  Concrete  Foot  Viaduct,  Elevation. 


Fic.  252.    Steel  Concrete  Foot  Viaduct,  Cboss-Section. 

REINFORCED  CONCRETE  ARCH  BRIDGES.— The  dimen- 
sions of  a  masonry  arch  are  first  assumed,  and  the  arch  ring  is  then 
investigated  for  the  given  loads.  Many  empirical  rules  have  been 
given  for  calculating  the  thickness  of  the  crown  of  an  arch.  The 
following  formula  given  by  Mr.  Emile  Low,  XI.  Am,  Soc.  C.  E.,  in 


HEINFORCGD   CONCRETE    HIGHWAY    BRIDGE. 


370  DESIGN   OF   MASONRY    BRIDGES   AND   CULVERTS. 

Eng.  News,  Nov.  23,  1905,  gives  quite  satisfactory  trial  values  for  the 
thickness  of  reinforced  concrete  highway  bridges. 


d  =  iVio(S  —  R)+2H 

where  5  =  span  in  ft. ;  i?  =  radius  of  arch  in  ft. ;  //  =  surcharge  above 
crown  of  arch  in  ft.;  rf  =  crown  thickness  in  ft. 

In  calculating  the  stresses  in  the  arch  ring  due  to  live  loads,  it 
is  necessary  that  we  know  the  position  of  the  live  load  that  will  produce 
the  maximum  stresses.  For  a  uniform  live  load  the  maximum  stresses 
ordinarily  occur  with,  from  f  to  f  of  the  span  covered  with  live  load. 
It  is  usual  to  assume  that  the  maximum  stresses  occur  with  half  of 
the  span  covered  with  the  live  load. 

Reinforced  Concrete  Arch  Bridge. — The  reinforced  concrete  high- 
way bridge  at  Grand  Rapids,  Mich.,  shown  in  Fig.  253  has  5  arch 
spans,  one  87  ft.,  two  83  ft.  and  one  79  ft.,  and  a  width  of  64 
ft.  out  to  out.  Details  of  the  79-ft.  arch,  the  thickness  of  arch 
ring  for  one  of  the  83-ft.  spans,  and  the  arrangement  of  the  false- 
work are  shown  in  Fig.  253.  The  concrete  was  assumed  to  weigh  150 
lbs.  per  cu.  ft.,  the  earth  filling  120  lbs.  per  cu.  ft,  and  the  pavement 
150  lbs.  per  cu.  ft  The  center  20  feet  of  the  bridge  was  designed  for 
a  live  load  of  250  lbs.  per  sq.  ft.,  the  remainder  of  the  roadway  for  a 
live  load  of  150  lbs.  per  sq.  ft.,  and  the  sidewalks  for  a  live  load  of  100 
lbs.  per  sq.  ft.  The  concrete  in  the  arch  ring  was  1-2-4  Portland 
cement  concrete,  the  piers,  spandrels  and  retaining  walls  were  made  of 
1-3^-7  Portland  cement  concrete,  while  the  lowest  part  of  the  abut- 
ments was  made  of  1-2-4  natural  cement  concrete. 

Allowable  Stresses. — The  following  data  were  used  in  the  design 
of  the  bridge:  Modulus  of  elasticity  of  concrete,  1,500,000  lbs.  per  sq. 
in. ;  modulus  of  elasticity  of  steel,  30,000,000  lbs.  per  sq.  in. 

Maximum  Compression  on  Concrete. — Exclusive  of  temperature 
stresses,  allowable  compression  was  500  lbs.  per  sq.  in.  on  1-2-4  Port- 
land cement  concrete.  Including  stresses  due  to  40°  variation  in  tem- 
perature, the  allowable  compression  was  600  lbs.  per  sq.  in.  on  1-2-4 
Portland  cement  concrete.  The  different  parts  of  the  bridge  were 
designed  to  have  a  factor  of  safety  of  4  in  one  month. 

Maximum  Tension  on  Concrete. — In  arches,  exclusive  of  tempera- 
ture stresses,  allowable  tension  was  50  lbs.  per  sq.  in.  for  1-2-4  Port- 
land cement  concrete.  In  arches,  including  stresses  due  to  variation 
of  40"*  in  temperature,  allowable  tension  was  75  lbs.  per  sq.  in.  on 
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1-2-4  Portland  cement  concrete.    In  slabs,  girders,  beams,  floors,  walls 
and  posts,  allowable  tension  was  zero  lbs.  per  sq.  in. 

Maximum  Shear  Allowed  on  Concrete. — The  maximum  shear  on 
1-2-4  Portland  cement  concrete,  75  lbs.  per  sq.  in. 

Maximum  Stress  in  Steel.  In  Arches, — The  steel  ribs  under  a 
stress  not  exceeding  18,000  lbs.  per  sq.  in.  must  be  capable  of  taking  the 
entire  bending  moment  of  the  arch  without  aid  from  the  concrete,  and 
have  flange  areas  of  not  less  than  one  one-hundred  and  fiftieth  part 
of  the  total  area  of  the  arch  at  the  crown.  The  actual  stress  in  the 
steel  when  imbedded  in  and  acting  in  combination  with  the  concrete, 
shall  not  exceed  20  times  the  allowed  stress  on  the  concrete. 

In  slabs,  girders,  beams,  floors  and  walls,  subject  to  transverse 
stress,  the  steel  was  assumed  to  take  the  entire  tensile  stress  without 
aid  from  the  concrete  and  was  to  have  an  area  sufficient  to  be  equal  to 
the  compressive  strength  of  1-3-6  Portland  cement  concrete  at  the  age 
of  six  months. 

In  walls  and  posts  subjected  to  compression  only,  no  allowance  was 
made  for  the  strength  of  imbedded  steel,  which  was  used  only  as  a 
precaution  against  cracks  due  to  shrinkage  or  changes  in  temperature. 

Reinforcement. — Each  arch  ring  was  reinforced  by  ij  in.  Thacher 
rods  in  pairs,  consisting  of  an  intradorsal  and  an  extradorsal  rod  each. 
The  rods  are  placed  3  in.  from  the  surface  of  the  concrete,  and  the 
pairs  are  spaced  14  in.  centers.  At  the  abutment  and  pier  ends  the 
reinforcing  rods  are  fitted  with  3  in.  washers  and  nuts  as  shown,  while 
the  rods  are  made  continuous  through  each  arch  by  means  of  turn- 
buckles.  The  upper  and  lower  rods  of  each  pair  are  connected  by 
means  of  f  in.  rods  with  hooked  ends,  spaced  4  ft.  centers. 

The  concrete  was  mixed  wet  and  was  worked  under  the  bars  with 
rammers.  The  arch  ring  was  built  in  transverse  sections,  and  each 
section  was  completed  in  a  continuous  operation  in  one  day.  The 
crown  section  was  built  first,  then  the  two  skewbacks,  and  then  the 
intermediate  section. 

The  bridge  was  designed  and  built  by  the  Concrete-Steel  Company, 
New  York,  N.  Y. 

Parabolic  Reinforced  Concrete  Arch  Bridge. — The  reinforced 
concrete  arch  bridge  across  Charley  Creek,  near  Wabash,  Indiana,  is 
240  ft.  long,  has  a  width  of  32  ft.  over  all  and  has  two  75- ft.  parabolic 
arch  spans  with  18- ft.  rise,  Fig.  254.  The  arch  ring  is  18  in.  thick  at 
the  crown  and  3  ft.  4  in.  thick  at  the  haunches.     It  is  reinforced  with 
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Kahn  trussed  bars,  arranged  one  above  the  other  in  pairs,  so  that  their 
diagonals  interlace  across  the  depth  of  the  arch  ring.  A  number  of 
5  in.  round  rods  are  inserted  transversely  in  the  arch  ring  to  resist 
temperature.     The  spandrel  walls  were  designed  as  vertical  cantilever 


Fig.  255.    Clifty  Cheek  Reinfobced  G>nciiete  Arch  Bridce. 

slabs.  The  reinforcement  consists  of  trussed  bars  set  upright  and  J  in. 
round  temperature  bars.  The  arch  ring  was  made  of  1-2-4  Portland 
cement  stone  concrete,  while  the  spandrel  walls  and  foundations  were 
made  of  1-2^-5  Portland  cement  stone  concrete.  All  concrete  was 
mixed  very  wet.  The  bridge  was  designed  and  built  by  the  Tmssed- 
Concrete  Steel  Company,  Detroit,  Mich. 


Fig.  256.    Seventeenth   Street  Bridge,  BoULnER,  CoLORAno,    Span,  70  Feet; 
Rise,  10  ft.  6  ins.;  Roadwav,  24  ft. 

Luten  Arch. — The  reinforced  concrete  highway  arch  over  Qifty 
Creek,  near  Green sboroiigh,  Indiana,  shown  in  Fig.  255  was  designed 
and  built  by  the  National  Bridge  Company  on  the  Luten  system.  In 
this  system  plain  rods  are  placed  near  the  intrados  at  the  crown  and 
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near  the  extrados  at  the  haunches,  the  rods  being  bent  up  as  shown. 
The  abutments  are  tied  together  by  horizontal  rods  imbedded  in  a  con- 
crete pavement.  Transverse  rods  are  placed  in  the  arch  ring  to  take 
the  temperature  stresses.  The  arch  shown  in  Fig.  255  has  a  span  of 
80  ft,  a  roadway  of  16  ft.,  contains  265  cu.  yds.  of  concrete,  4,500 
lbs.  of  reinforcement  steel  in  the  abutment  ties  and  4,800  lbs.  of  steel 
in  the  arch  and  spandrels.  The  reinforcement  was  smooth  steel  rods 
and  cost  2  cts.  per  lb.  in  place.  The  total  contract  price  of  the  bridge 
was  $2,695. 

The  70- ft.  span  reinforced  concrete  arch  highway  bridge  at  Boulder, 
Colorado,  shown  in  Figs.  256  and  257  was  designed  and  built  by  the 
National  Bridge  Company  on  the  Luten  system.  It  has  a  roadway  of 
24  ft.  in  the  clear  and  a  rise  of  loj  ft.  The  contract  price  of  this 
bridge  was  $5,025.  For  a  description  of  the  construction  of  this  bridge, 
see  article  by  Professor  H.  C.  Ford,  in  University  of  Colorado  Journal 
of  Engineering,  No.  3. 
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Half  Section  Parallel  to  Roadway 
Fig.  257.    Elevation  of  Seventeenth  Street  Bridge,  Boulder,  Colorado. 


The  Pike  Street  bridge,  shown  in  Fig.  258,  was  designed  and  erected 
on  the  Luten  system  by  the  National  Bridge  Company.  The  span  is 
30  ft. ;  rise,  6  ft. ;  height  from  pavement  to  crown  of  road,  7  ft.  6  in. ; 
roadway,  60  ft. ;  thickness  at  the  crown,  12  in. ;  pavement  rods,  }  in., 
spaced  3  ft.  apart  in  6  in.  of  concrete;  arch  rods,  f  in.,  spaced  3  ft. 
apart.     Contract  price  was  $2,280.00 ;  cost  to  the  contractor,  $2,073.00. 
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The  actual  cost  of  the  Boulder,  Colo.,  bridge  was  as  follows : 


\ 

PSOPOFTIOK  or 

$    IJ4.00 

480.00 
370.00 
1,015.00 
315-00 
360.00 
40.00 
310.00 
286.28 
13500 
227.16 
415.00 
159-06 

A(>8-5o 

3-^ 

Lumber 

7-37 

GraTel,  470  yds.  (S:  S0.67 

;s 

6.17 

Freight  on  tools,  Indianapolis  to  Boulder  and  return 

S 

Miscellaneous 

1.99 
93' 

$S,02S.C0 

Fic.  258.    Pike  Street  Reiki 


BIDCE,    POMTIAC,    MlC 


For  cuts  and  information  the  author  is  under  obligations  to  Mr. 
Daniel  B.  Luten,  Consulting  Engineer,  President  National  Bridge  Co. 

THE  DESIGN  OF  CULVERTS.— The  required  size  of  a  culvert 
for  any  particular  opening  is  difficult  to  determine  by  calculation.  The 
required  waterway  will  depend  upon  the  size  of  the  drainage  area,  the 
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slope  of  the  surface  of  the  area,  tlie  character  of  the  soil,  and  upon  the 
design  of  the  culvert.  A  larger  opening  will  be  required  for  a  culvert 
in  a  low  embankment  than  in  a  high,  well-compacted  embankment. 

Many  formulas  have  been  proposed  for  determining  the  waterway 
of  culverts.  The  best  formula  known  to  the  author  is  tliat  proposed  by 
Professor  A.  N.  Talbot.     It  is 

where  ^  =  area  of  the  required  opening  in  sq.  ft; 
M  =  area  of  drainage  basin  in  acres ; 
c  =  SL  coefficient  varying  with  the  slope  of  the  ground,  slope  of 
the  drainage  area,  character  of  the  soil  and  character  of 
vegetation. 

TABLE  LVIII. 
Approxtmate  Area  and  Size  of  Waterway  (Santa  Fe  Railway). 
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30X26  Box 
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Professor  Talbot  gives  the  following  values  of  c;  r  =  J  to  i  for 
steep  and  rocky  ground;  c  =  ^  for  rolling  agricultural  country,  subject 
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to  floods  at  times  of  melting  snow,  and  with  the  length  of  valley  3  to  4 
times  its  width;  c  =  i  to  ^  for  districts  not  affected  by  accumulated 
snow  and  where  the  length  of  the  valley  is  several  times  its  width. 

Quite  a  number  of  railroad  companies  have  prepared  tables  for  the 
use  of  their  engineers  in  designing  the  waterway  of  culverts  and 
bridges.  The  standards  for  waterways  of  culverts  on  the  Santa  Fe 
system  are  given  in  Table  LVIII. 


It  should  be  remembered  that  formulas  and  data  such  as  given  in 
Table  LVIII  are  to  be  used  only  as  aid  to  the  judgment  where  definite 
information  on  the  amount  of  water  passing  the  point  cannot  be 
obtained.  Before  determining  on  the  size  of  a  given  culvert  a  careful 
investigation  should  be  made  at  the  site  to  determine  high  water  marks 
and  other  data  to  be  used  in  this  connection. 

STRESSES  IN  CULVERTS.— The  loads  coming  on  the  struc- 
ture cannot  be  accurately  calculated  and  an  exact  analysis  is  therefore 
impossible.  Arch  culverts  are  designed  in  the  same  manner  as  arch 
bridges.  The  design  of  pipe  and  box  culverts  will  be  considered  briefly, 
the  details  of  the  analysis  being  omitted.  The  following  analysis  is 
essentially  the  same  as  given  in  Chapter  X,  "  Principles  of  Reinforced 
Concrete  "  by  Tumeaure  and  Maurer.  For  a  discussion  of  an  extensive 
series  of  tests  of  culvert  pipe  by  Professor  A.  N.  Talbot,  see  Uni- 
versity of  Illinois  Engineering  Experiment  Station  Bulletin,  No.  22. 

Pipe  Culverts. — There  will  be  two  cases:  (i)  a  uniform  load,  and 
(2)  a  concentrated  load. 

(i)  Uniform  Load. — It  is  assumed  that  the  pressure  acts  in  par- 
allel lines.  Fig.  259. 

Let  d=  diameter  of  the  pipe  in  inches; 

p  =  the  load  on  the  pipe  in  lbs.  per  sq.  in. ; 
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Jlf  =  bending  moment  in  the  pipe  in  the  length  of  one  inch  in 
in.-lbs. 
Then 

M^  =  M^  =  ^P'd^  (i68) 

M,  =  M,=-^p-d^  (169) 

If  the  lateral  pressure  be  q  per  unit  of  area,  then 

M,'  =  M^'  =  —^q-d^  (170) 

M,'  =  M:  =  ^q^d-  (171) 

li  p  =  q  the  bending  moments  are  zero.     The  relation  between  the 
vertical  and  lateral  pressure  is  given  by  the  equation 

q  =  p.(i  —  sin<^)/(i  +  sin<^) 

where  <f>  is  the  angle  of  internal  friction  of  the  filling.     For  <^  =  3o**, 
q  =  J/>.     For  this  case  the  bending  moments  will  be 

M,  =  M,  =  ^p.d'-%sP'd'  =  ^hP'd^  (172) 

M,==M,  =  -^P^d'  +  %sP'd'  =  -ihP'd'  (173) 

(2)  Concentrated  Loads. — In  this  case,  Fig.  260, 

M^  =  M^  =  o.i6P'd  (174) 

Jlf3  =  Af^=— o.ogP.J  (175) 

Box  Culverts.     ( i )   Uniform  Loads. — Let 
w=i=  width  of  culvert; 
h  =  height  of  culvert ; 

/i  =  moment  of  inertia  of  top  or  bottom  slab; 
/2  =  moment  of  inertia  of  each  side  slab; 
/>  =  vertical  load,  assumed  as  the  same  on  the  top  and  bottom,  (a) 

Fig.  261. 
Then 

M,  =  M,  =  ip-zv'.  (w/(3l,)  +  h/I,)/(w/I,  +  h/I,)         (176) 

Jlf  3  =  M,  =  M,  —  !/> .  w«  ( 177) 

The  moments  at  a  and  b  are  equal  to  ilf,. 
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For  a  square  culvert  with  uniform  section 

For  equal  lateral  and  vertical  loads  on  a  square  culvert 
Jlfj  =  M,  =  +  2>i/>.wS  and  Ma  =  —  ^p-w^ 
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Fig.  261. 


(2)  Concentrated  Loads. — For  vertical  loads  applied  at  the  center 
of  the  top  and  bottom,  (b)  Fig.  261. 


M,  =  A/,  =  1P.«;.  {zv/{2l,)  +  h/U)/{w/l^  +  ft/4) 


(181) 
(182) 


To  provide  for  the  negative  moments  at  the  comers  proper  rein- 
forcement must  be  used. 

TYPES  OF  CULVERTS.— Culverts  are  made  of  timber,  vitrified 
clay  pipe,  cast  iron  pipe,  riveted  steel  pipe,  brick,  stone,  concrete  and 
reinforced  concrete. 


A 


Fig.  262.    Timber  Box  Culvert. 

Timber. — For  temporary  culverts  the  timber  box  culvert,  as  shown 
in  Fig.  262,  or  the  timber  culvert,  as  shown  in  Fig.  263,  may  be  used. 
The  bottom  of  the  culvert  in  Fig.  263  should  be  paved  to  prevent  scour. 
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Unless  care  is  used  to  carefully  tamp  the  filling,  the  water  will  flow 
along  the  sides  of  both  of  the  culverts  shown.  Timber  culverts  are 
very  unsatisfactory  and  in  the  long  run  are  very  expensive. 


Fig.  263.    TiuBEB  Culvert. 

Pipe  Culverts. — Vitrified  clay,  cast  iron,  steel  plate  and  concrete 
pipes  are  used  for  culverts.  Pipe  culverts  should  be  laid  on  a  firm 
foundation  to  a  careful  grade.  The  center  should  be  raised  so  that 
there  will  be  no  hollows  in  the  pipe.  Head  walls,  preferably  of  masonry 
or  concrete  should  extend  high  enough  to  carry  the  fill,  and  should  be 
carried  down  far  enough  to  prevent  the  water  from  following  along 
the  outside  of  the  pipe.     Tlie  pipe  should  preferably  be  laid  in  concrete. 


Fig.  264.    End  Walls 


Vitrified  Clay  Pipe  Culverts. — Vitrified  clay  pipe  is  made  in  single 
and  double  strength  or  culvert  pipe.  The  double  strength  pipe  should 
preferably  be  used  for  culverts.     The  pipe  should  be  laid  in  a  trench 
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rounded  off  to  fit  the  pipe  with  the  bells  up  stream.  The  joints  should 
be  calked  with  1-3  Portland  cement  mortar.  The  earth  should  be  well 
tamped  around  and  over  the  pipe,  and  in  no  case  should  the  wheels  of 
wagons  be  permitted  .to  come  nearer  to  the  top  than  the  diameter  of  the 
pipe.  Both  ends  of  the  pipe  should  be  protected  by  masonry  or  con- 
crete head  walls  as  shown  in  Fig.  264. 

The  common  sizes,  weights  and  list  prices  of  vitrified  clay  pipe  are 
given  in  Table  LIX.  The  discounts  from  this  list  will  vary  with  the 
location  and  the  weight  of  the  pipe.  In  the  middle  west  the  discounts 
from  the  list,  delivered  in  car  load  lots,  are  approximately  75  per  cent 
for  single  strength  and  50  per  cent  for  culvert  pipe. 


TABLE  LIX. 
Size,  Weight  and  List  Price  of  Vitrified  Clay  Pipe. 
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DouBLB  Strength. 


Weight 

List  Price 

per  ft. 

per  ft. 

50 

I0.75 

70 

1. 00 

100 

1.50 

125 

1-75 

180 

2.50 

240 

325 

300 

4.00 

340 

5.00 

390 

6.00 

Cast  Iron  Pipe  Culverts. — Cast  iron  pipe  for  use  in  culverts  can  be 
obtained  in  12  ft.  lengths,  in  3  ft.  lengths,  or  in  sectional  form,  the 
sections  being  bolted  together  in  place.  Cast  iron  pipe  can  be  laid 
nearer  the  surface  than  vitrified  clay  pipe  and  is  not  damaged  by 
freezing  water.  Cast  iron  pipe  should  be  laid  in  the  same  manner  as 
clay  pipe  and  should  have  substantial  end  walls.  Cast  iron  pipe  is 
made  with  different  weights  per  foot,  the  lighter  weights  being  ordi- 
narily used  for  culverts.  The  weight  per  foot  for  cast  iron  pipe  is 
given  in  Table  LX. 

The  price  of  cast  iron  pipe  changes  with  the  market  conditions,  but 
varies  from  1.25  to  1.50  cts.  per  lb.  at  the  factory,  and  from  2.00  to  3.00 
cts.  per  lb.  delivered. 

Steel  Plate  Pipe  Culverts. — Culverts  are  made  of  steel  plates  riveted 
in  a  circular  or  semicircular  form.     Plate  pipe  culverts  should  be  laid 
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TABLE  LX. 
Sizes,  Thickness  and  Weights  of  Cast  Ikon  Pipe. 
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with  care  and  should  have  masonry  head  walls.  The  plates  should  be 
not  less  than  ^"  thick  for  small  sizes,  and  up  to  %"  for  culverts  4  feet 
in  diameter  and  over.  The  fill  should  extend  above  the  top  of  the 
pipe  a  distance  equal  to  at  least  one-half  of  the  diameter  of  the  pipe, 
and  should  be  well  tamped  around  the  sides.  Corrugated  galvanized 
culverts  are  now  on  the  market.  The  galvanized  sheets  in  these  cul- 
verts are  so  thin  that  the  metal  will  soon  corrode.  In  estimating  the 
cost  of  steel  pipe  culverts  add  10  to  15  per  cent  to  the  weight  of  the 


Cro&a     acc+ion.  Longltutlmal     Section. 

Fig.  26s.    Reinfofced  Concbete  Cvlvert  Pipe,  C.  B.  &  Q.  R.  R. 

plates  to  cover  the  laps  and  the  rivets.  Tlie  shop  costs  of  steel  plate 
culvert  pipe  are  given  in  Chapter  XIX.  The  freight  rates  on  culvert 
pipe  are  liable  to  be  high,  due  to  the  fact  that  it  is  difficult  to  get  suffi- 
cient weight  on  a  car  to  give  a  minimum  car  load  unless  the  pipes  are 
of  different  sizes  and  can  be  nested. 
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Reinforced  Concrete  Pipe  Culverts. — Details  of  a  reinforced  con- 
crete pipe  for  culverts,  as  designed  by  C.  H.  Cartlidge  for  the  C.  B.  & 
Q.  R,  R.,  are  shown  in  Fig.  265,  while  the  forms  for  molding  a  similar 

TABLE  LXI. 
Relative  Costs  of  Cast  Iron  and  Reinforced  Concheie  Pipe. 
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pipe  are  shown  in  Fig.  266.  The  relative  costs  of  cast  iron  and  rein- 
forced concrete  pipe,  as  given  by  Mr.  O.  P.  Chamberlain  in  Eng.  News, 
Dec.  20,  1906,  are  shown  in  Table  LXI. 
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Fig.  266.    Forms  for  Molding  Reinforced  Conckete  Culvert  Pipe. 

The  costs  for  reinforced  concrete  pipe  are  low  and  should  probably 
be  increased  50  to  100  per  cent  for  single  culverts  in  addition  to  the  cost 
of  making  the  forms. 


5S4  DESIGN   OF   MASONi 


KY  uridgels  and  culverts. 


^     2  5    .A 


III! 


v^^ 


CONCRETE   CULVERTS. 


385 


Plain  Concrete  Culverts. — The  Missouri  Pacific  R.  R.  standard 
culverts  are  shown  in  Fig.  267.  These  culverts  are  built  of  plain  con- 
crete and  contain  quantities  as  shown.  It  will  be  seen  that  straight 
walls  are  used  on  the  small  culverts  and  wing  walls  on  the  large  culverts. 

Plans  for  an  8-ft.  plain  concrete  culvert,  as  designed  by  Edwin 
Thacher  for  the  highways  in  Porto  Rico,  are  shown  in  Fig.  268. 
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Fig.  268.    Plans  of  Eight-foot  Plain  Concrete  Highway  Culvert,  Porto  Rico. 


Relative  Costs  of  Small  Culverts. — The  relative  costs  of  small  cul- 
verts, as  calculated  by  A.  R.  Hurst,  highway  engineer,  Wisconsin 
Geological  and  Natural  History  Survey,  are  given  in  Table  LXH. 

Reinforced  Concrete  Culverts. — The  plans  of  a  reinforced  con- 
crete box  culvert  4'  o"  X  4'  o"  are  given  in  Fig.  269;  of  a  reinforced 
26 
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TABLE  LXII. 

Relative  Cost  of  Small  Culverts  of  Approximately  the  Same  Waterway, 

Standard  Sizes.* 


Kind. 


3  inch  hemlock  wood  box... 

Concrete  box 
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concrete  arch  culvert  8'  o"  X  8'  o"  are  given  in  Fig.  270 ;  and  of  a 
reinforced  concrete  arch  culvert  of  20'  o"  span  are  given  in  Fig.  271. 
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Fig.  269.    Reinforced  Concrete  Box  Culvert,  Great  Northern  Railway. 


These  culverts  v^ere  designed  by  Mr.  C.  F.  Graff  for  the  Great  Northern 
Railway,  and  are  strong  enough  to  carry  from  20  to  40  ft.  of  railroad 
embankment.     The  quantities  for  one  pair  of  wing  walls  and  one  foot 

*  A.  R.  Hurst,  highway  engineer,  Wisconsin  Geological  and  Natural  History 
Sur\'ey. 
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of  barrel  of  culvert  are  given  in  Table  LXIII.     These  culverts  are 
made  heavier  than  is  necessary  for  ordinary  highway  culverts. 
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Fig.  270.    Reinforced  Concrete  Arch  Culvebt,  Great  Northern  Railway. 


Cost  of  Reinforced  Concrete  Culverts. — The  cost  of  reinforced 
concrete  culverts  should  be  estimated  in  the  same  manner  as  reinforced 


Fig.  271.    Reinforced  Concrete  Arch  Culvert,  Great  Northern  Railway. 


concrete  arches.     For  details  for  estimating  the  cost  of  forms,  etc.,  see 
Chapter  XIX. 
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TABLE   LXIII. 
Quantities  in  Reinforced  Concrete  Culverts;  Figs.  269  to  271. 


Barrrx.  phr  Linral  Foot. 

Ohb  Pair  of  Wing  Walls. 

Sub. 

Concrete, 
cubic  yanu. 

Sted,  Pounds. 

Concrete, 
cubic  yards. 

Steel,  Pounds. 

2'  c/^  circular 
3/0//       i« 

4^X    4' 
4^X   6/ 
6'X   6/ 
8'X   8^ 
12'  X  12^ 

17"  X  16' 
W  X  20^ 

O.IO 
0.23 
0.30 

0.54 
0.72 

0.86 

2.78 
370 
5.00 

5 

10 

12 
61 

73 
116 

158 

237 
287 

300 

2.38 

2.50 

5.16 

11.22 

37.25 
51.80 

45.60 

141 
128 

397 

793 

1,850 

2,579 
2,143 

CHAPTER   XVIII. 

The  Design  of  Timber  and  Combination  Bridges. 

Introduction. — Timber  was  formerly  quite  generally  used  in  the 
construction  of  highway  bridges,  and  is  still  used  for  temporary  struc- 
tures in  locations  where  timber  is  cheap  and  iron  and  steel  are  rela- 
tively expensive.  The  subject  will  be  taken  up  under  the  following 
heads:  (i)  Timber  trestles;  (2)  timber  bridges,  and  (3)  combination 
bridges. 

TIMBER  TRESTLES.— The  following  definitions  have  been 
adopted  by  the  American  Railway  Engineering  and  Maintenance  of 
Way  Associtaion : 

Wooden  Trestle. — A  wooden  structure  composed  of  upright  members  sup- 
porting simple  horizontal  members  or  beams,  the  whole  forming  a  support  for 
loads  applied  to  the  horizontal  members. 

Frame  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are 
framed  timbers. 

Pile  Trestle. — A  structure  in  which  the  upright  members  or  supports  are 
piles. 

Bent. — The  group  of  members  forming  a  single  vertical  support  of  a  trestle;' 
designed  as  pile  bent  where  the  principal  members  are  piles,  and  as  framed  bent 
where  of  framed  timbers. 

Post. — The  vertical  members  of  the  bent  of  a  framed  trestle. 

Pile. — Timber  driven  in  the  ground,  and  intended  generally  to  support  a 
structure. 

Batter. — A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them 
in  the  form  of  a  bent. 

Sill. — A  lower  horizontal  member  of  a  framed  bent. 

Sub'Sill. — Timber  bedded  in  the  ground  to  support  framed  bents. 

Intermediate  Sill — A  horizontal  member  in  the  plane  of  the  bent  between 
the  cap  and  sill  to  which  posts  are  framed. 

Sway  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extending  diag- 
onally across  its  face. 

Longitudinal  Strut  or  Girt. — ^A  stiff  member  running  horizontally,  or  nearly 
so,  from  bent  to  bent. 

Longitudinal  X  Brace. — A  member  extending  diagonally  from  bent  to  bent 
in  a  vertical  or  battered  plane. 
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Sash  Brace. — A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent 

Stringer. — A  longitudinal  member  extending  from  bent  to  bent  and  sup- 
porting the  ties. 

Jack  Stringer. — A  single  line  of  stringers  placed  outside  of  the  main 
stringers. 

Tie. — A  transverse  timber  resting  on  the  stringers  and  supporting  the  rails. 

Guard  Rail — ^A  longitudinal  member,  either  iron  or  wood,  secured  on  top 
of  ties. 

Packing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of 
a  composite  member  in  their  proper  relative  positions. 

Packing  Spool  or  Separator. — A  small  casting  used  in  connection  with 
packing  bolts  to  secure  the  several  parts  of  a  composite  member  in  their  proper 
relative  positions. 

Drift  Bolt. — A  piece  of  round  or  square  iron  of  specified  length,  with  or 
without  head  or  point,  driven  as  a  spike. 

Dowel. — An  iron  or  wood  pin,  extending  into,  but  not  through,  two  members 
of  the  structure  to  connect  them. 

Shim. — A  small  piece  of  wood  or  metal  placed  between  two  members  of  a 
structure  to  bring  them  to  a  desired  relative  position. 

Fish-plate. — A  short  piece  lapping  a  joint,  secured  to  the  side  of  several 
members,  which  are  butt- jointed. 

Bulkhead. — Timber  placed  against  the  side  of  an  end  bent  for  the  purpose 
of  retaining  the  embankment. 

Defects  of  Structural  Timber. — The  standard  defects  included  in 
the  following  list  are  most  such  as  may  be  termed  natural  defects,  as 
distinguished  from  defects  of  manufacture.  The  latter  have  usually 
been  omitted,  because  the  defects  of  manufacture  are  of  very  minor 
significance  in  the  grading  of  structural  timber : 

Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as 
hard  as  the  wood  surrounding  it.  It  may  be  either  red  or  black,  and  is  so  fixed 
by  growth  or  position  that  it  will  retain  its  place  in  the  piece. 

Loose  Knot. — A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or 
position. 

Pith  Knot. — A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  i 
in.  in  diameter  in  the  center. 

Encased  Knot. — An  encased  knot  is  one  which  is  surrounded  wholly  or  in 
part  by  bark  or  pitch.  Where  the  encasement  is  less  than  i  of  an  inch  in  width 
on  each  side,  nor  exceeding  one-half  the  circumference  of  the  knot,  it  shall  be 
considered  a  sound  knot. 

Rotten  Knot. — A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot. — A  pin  knot  is  a  sound  knot  not  over  i  in.  in  diameter. 

Standard  Knot. — ^A  standard  knot  is  a  sound  knot  not  over  li  in.  in 
diameter. 

Large  Knot. — A  large  knot  is  a  sound  knot,  more  than  li  in.  in  diameter. 

Round  Knot. — ^A  round  knot  is  one  which  is  oval  or  circular  in  form. 
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Spike  Knot. — ^A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The 
mean  or  average  diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — Pitch  pockets  are  openings  between  the  grain  of  the  wood, 
containing  more  or  less  pitch  or  bark.  These  shall  be  classified  as  small,  stan- 
dard and  large  pitch  pockets. 

Small  Pitch  Pockets. — A  small  pitch  pocket  is  one  not  over  h  of  an  inch  wide. 

Standard  Pitch  Pocket. — A  standard  pitch  pocket  is  one  not  over  i  of  an 
inch  wide  nor  over  3  in.  in  length. 

Large  Pitch  Pocket. — A  large  pitch  pocket  is  one  over  i  of  an  inch  wide,  or 
over  3  in.  in  length. 

Pitch  Streak. — ^A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one 
point  in  the  piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or 
where  the  fiber  between  grains,  that  is  the  coarse  grained  fiber,  usually  termed 
"  spring  wood  "  is  not  saturated  with  pitch,  it  shall  not  be  considered  a  defect. 

Wane. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause,  on  edges  of 
timbers. 

Shakes. — Shakes  are  splits  or  checks  in  timbers  which  usually  cause  a  sepa- 
ration of  the  wood  between  annual  rings. 

Rot,  Dote  and  Red  Heart. — Any  form  of  decay  which  may  be  evident 
either  as  a  dark  red  discoloration  not  found  in  the  sound  wood,  or  the  presence 
of  white  or  red  rotten  spots,  shall  be  considered  as  a  defect. 

Specifications  for  Timber.* — The  following  specifications  have  been 
adopted  by  the  American  Society  for  Testing  Materials,  and  represent 
the  latest  practice.  (To  be  applied  to  solid  members  and  not  to  com- 
posite members.) 

General  Requirements. — Except  as  noted  all  timber  shall  be  cut  from  sound 
trees  and  sawed  standard  size;  close  grained  and  solid;  free  from  defects  such 
as  injurious  ring  shakes  and  crooked  grain;  unsound  knots;  knots  in  groups; 
decay;  large  pitch  pockets,  or  other  defects  that  will  materially  impair  its 
strength. 

Standard  Size  of  Sawed  Timber. — ^Rough  timbers  when  sawed  to  standard 
size,  shall  mean  that  they  shall  not  be  over  i  in.  scant  from  actual  size  specified. 
For  instance,  a  12  in.x  12  in.  shall  measure  not  less  than  ill  in.  x  iii  in. 

Standard  Dressing  of  Sawed  Timbers. — Standard  dressing  means  that  not 
more  than  i  in.  shall  be  allowed  for  dressing  each  surface.  For  instance,  a 
12  in.  X  12  in.  shall  after  dressing  four  sides,  not  measure  less  than  iii  in.  x  11 J  in. 

Stringers.  No.  i.  Long  leaf  Yellow  Pine  and  Douglas  Fir. — Shall  show  not 
less  than  80  per  cent  of  heart  on  each  of  the  four  sides,  measured  across  the 
sides  anywhere  in  the  length  of  the  piece;  loose  knots,  or  knots  greater  than 
li  in.  in  diameter,  will  not  be  permitted  at  points  within  4  inches  of  the  edges 
of  the  piece. 

No.  2.  Longleaf  Yellow  Pine,  Shortleaf  Pine,  Douglas  Fir  and  Western 
Hemlock. — Shall  be  square  edged,  except  it  may  have  i  in.  wane  on  one  corner. 

*  For  rules  and  specifications  for  grading  timber,  see  U.  S.  Dept.  of  Agri- 
culture, Forest  Service,  Bulletin  71,  "  Rules  and  Specifications  for  the  Grading 
of  Lumber";  Supt.  of  Documents,  Washington,  D.  C.    Price,  15  cents. 
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Knots  must  not  exceed  in  their  largest  diameter  i  the  width  of  the  face  of  the 
stick  in  which  they  occur.  Ring  shakes  extending  not  over  4  of  the  length  of 
the  piece  are  admissible. 

Caps  and  Sills.  No.  i.  Longleaf  Yellow  Pine  and  Douglas  Fir. — Shall  show 
85  per  cent  heart  on  each  of  the  four  sides,  measured  across  the  sides  anywhere 
in  the  length  of  the  piece ;  to  be  free  from  knots  over  2i  in.  in  diameter ;  knots 
must  not  be  in  groups. 

No.  2.  Longleaf  and  Shortleaf  Yellow  Pine,  Douglas  Fir  and  Western  Hem- 
lock,— Shall  be  square  edged,  except  it  may  have  i  in.  wane  on  one  corner,  or  i 
in.  wane  on  two  comers.  Knots  must  not  exceed  in  their  largest  diameter  i 
the  width  of  the  face  of  the  stick  in  which  they  occur.  Ring  shakes  extending 
not  over  i  the  length  of  the  piece  are  admissible. 

Posts.  No.  I.  Longleaf  Yellow  Pine  and  Douglas  Fir. — Shall  show  not  less 
than  75  per  cent  heart,  measured  across  the  face  anywhere  on  the  length  of  the 
piece ;  to  be  free  from  knots  over  2i  in.  in  diameter,  and  must  not  be  in  groups. 

No.  2.  Longleaf  and  Shortleaf  Yellow  Pine,  Douglas  Fir  and  Western 
Hemlock. — Shall  be  square  edged,  except  it  may  have  r  in.  wane  on  one  corner, 
or  i  in.  wane  on  two  corners.  Knots  must  not  exceed,  in  their  largest  diameter, 
i  the  width  of  the  face  of  the  stick  in  which  they  occur.  Ring  shakes  shall  not 
extend  over  i  of  the  length  of  the  piece. 

Longitudinal  Struts  or  Girts.  No.  i.  Longleaf  Yellow  Pine  and  Douglas 
Fir. — Shall  show  one  face  all  heart ;  the  other  face  and  two  sides  shall  show  not 
less  than  85  per  cent  heart,  measured  across  the  face  or  side  anywhere  in  the 
piece;  to  be  free  from  knots  li  in.  in  diameter  and  over. 

No.  2.  Longleaf  and  Shortleaf  Yellow  Pine,  Douglas  Fir  and  Western  Hem- 
lock.— Shall  be  square  edged  and  sound;  to  be  free  from  knots  li  in.  in  diameter 
and  over. 

Longitudinal  X  Braces,  Sash  Braces  and  Sway  Braces.  No.  i.  Longleaf 
Yellow  Pine  and  Douglas  Fir. — Shall  show  not  less  than  80  per  cent  heart  on 
two  faces  and  four  square  edges;  to  be  free  from  knots  over  li  in.  in  diameter. 

No.  2.  Longleaf  and  Shortleaf  Yellow  Pine,  Douglas  Fir  and  Western  Hem- 
lock.— Shall  be  square  edged  and  sound ;  to  be  free  from  knots  2I  in.  in  diameter 
and  over. 

Names  for  Timber.* — The  following  description  of  structural 
timbers  has  been  adopted  by  the  American  Society  for  Testing  Materials : 

I.  Southern  Yellow  Pine. — ^Under  this  heading  two  classes  of  timber  are 
used,  (a)  Longleaf  Pine,  (b)  Shortleaf  Pine. 

It  is  understood  that  these  two  terms  are  descriptive  of  quality,  rather  than 
of  botanical  species.  Thus,  shortleaf  pine  would  cover  such  species  as  are  now 
known  as  North  Carolina  pine,  loblolly  pine  and  shortleaf  pine.  "  Longleaf 
Pine"  is  descriptive  of  quality,  and  if  Cuban,  shortleaf,  or  loblolly  pine  is 

*  For  a  key  to  woods  and  a  valuable  discussion  of  the  properties  of  timber, 
see  U.  S.  Dept.  of  Agriculture,  Division  of  Forestry,  Bulletin  10,  "Timber"; 
Supt.  of  Documents,  Washington,  D.  C.    Price,  10  cents. 
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grown  under  such  conditions  that  it  produces  a  large  percentage  of  hard  summer 
wood,  so  as  to  be  equivalent  to  the  wood  produced  by  the  true  longleaf,  it  would 
be  covered  by  the  term  "  Longleaf  Pine." 

2.  Douglas  Fir. — The  term  "  Douglas  Fir  "  to  cover  the  timber  known  like- 
wise as  yellow  fir,  red  fir,  western  fir,  Washington  fir,  Oregon  or  Puget  Sound 
fir  or  pine,  northwest  and  west  coast  fir. 

3.  Norway  Pine,  to  cover  what  is  known  also  as  "  Red  Pine." 

4.  Hemlock,  to  cover  southern  or  eastern  hemlock;  that  is,  hemlock  from 
all  States  east  of  and  including  Minnesota. 

5.  Western  Hemlock,  to  cover  hemlock  from  the  Pacific  coast. 

6.  Spruce,  to  cover  eastern  spruce;  that  is,  the  spruce  timber  coming  from 
points  east  of  Minnesota. 

7.  Western  Spruce,  to  cover  the  spruce  timber  from  the  Pacific  coast. 

8.  White  Pine,  to  cover  the  timber  which  has  hitherto  been  known  as  white 
pine,  from  Maine,  Michigan,  Wisconsin  and  Minnesota. 

9.  Idaho  White  Pine,  the  variety  of  white  pine  from  western  Montana, 
northern  Idaho,  and  eastern  Washington. 

10.  Western  Pine,  to  cover  the  timber  sold  as  white  pine  coming  from 
Arizona,  California,  New  Mexico,  Colorado,  Oregon  and  Washington.  This  is 
the  timber  sometimes  known  as  "  Western  Yellow  Pine,"  or  "  Ponderosa  Pine," 
or  "  California  White  Pine,"  or  "  Western  White  Pine." 

11.  Western  Larch,  to  cover  the  species  of  larch  or  tamarack  from  tbe 
Rocky  Mountain  and  Pacific  coast  regions. 

12.  Tamarack,  to  cover  the  timber  known  as  "  Tamarack,"  or  "  Eastern 
Tamarack,"  from  States  east  of  and  including  Minnesota. 

13.  Redwood,  to  include  the  California  wood  usually  known  by  that  name. 

PILING. — The  following  specifications  for  oak  piles  have  been 
adopted  by  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association  and  represent  the  best  practice  for  railway  purposes. 
Piling  for  highway  bridges  may  be  of  smaller  size,  as  specified. 

Piling.  General  Requirements. — All  piling  shall  be  cut  from  sound  live 
trees  of  slow  growth,  firm  grain,  free  from  ring  shakes,  decay,  large,  unsound 
knots,  or  other  defects  that  will  impair  their  strength  and  durability.  They  shall 
be  butt  cut,  above  the  ground  swell,  and  be  uniformly  tapering  from  the  butt 
to  the  tip.  They  shall  be  so  straight  that  a  line  stretched  from  the  center  of 
the  pile  at  the  butt  to  the  center  of  the  pile  at  the  tip  will  not  leave  the  center 
of  the  pile  at  any  point  more  than  two  (2)  in.  for  piles  20  ft.,  four  (4)  in.  for 
piles  30  ft.,  six  (6)  in.  for  piles  40  ft.,  and  eight  (8)  in.  for  piles  50  ft.  in 
length.  No  short  bends  shall  be  allowed.  All  knots  shall  be  trimmed  close  to 
the  body  of  the  pile,^and  the  bark  peeled. 

White,  Post  or  Burr  Oak. — Round  piles  shall  be  not  less  than  12  in.  diam- 
eter, 6  ft.  from  the  butt,  and  not  less  than  10  in.  diameter  at  the  tip  for  piles 
under  30  ft.  long,  nor  less  than  9  in.  diameter  at  the  tip  for  piles  30  to  39  ft, 
long,  and  not  less  than  8  in.  diameter  at  the  tip  for  piles  40  ft.  long  and  over. 

Square  piles  shall  be  of  timber  squared  throughout  the  entire  length, 
smoothly  hewed;  they  shall  be  not  less  than  14  in.  nor  more  than  16  in.  square 
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at  the  butt  and  not  less  than  lo  in.  square  at  the  tip  for  piles  under  30  ft.  long, 
9  in.  square  for  piles  30  to  39  ft.  long,  and  not  less  than  8  in.  square  for  piles 
40  ft.  long  and  over.    They  shall  show  not  less  than  75  per  cent  heart. 

SPECIFICATIONS  FOR  IRON  AND  STEEL.— For  specifica- 
tions for  wrought  iron,  steel  and  cast  iron,  see  Appendix  I.  The  speci- 
fications for  details  adopted  by  the  American  Railway  Engineering  and 
Alainte^iance  of  Way  Association  are  as  follows: 

Specifications  for  Details.  Bolts. — Bolts  shall  be  of  wrought  iron  or  steel, 
made  with  square  heads,  standard  size,  the  length  of  thread  to  be  2i  times  the 
diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size,  with  thread 
fitting  closely  the  thread  of  bolt.  All  threads  shall  be  cut  according  to  U.  S. 
standards. 

Drift  Bolts. — Drift  bolts  shall  be  of  wrought  iron  or  steel,  with  or  without 
square  head,  pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

Spikes. — Spikes  shall  be  of  wrought  iron  or  steel,  square  or  round,  as  called 
for  on  the  plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be 
used  in  length  more  than  6  in. ;  if  greater  lengths  are  required,  wrought  or  steel 
spikes  shall  be  used. 

Packing  Spools  or  Separators. — Packing  spools  or  separators  shall  be  of 
cast  iron,  made  to  size  and  shape  called  for  on  plans ;  the  diameter  of  hole  shall 
be  i  in.  larger  than  diameter  of  packing  bolts. 

Cast  Washers. — Cast  washers  shall  be  of  cast  iron.  The  diameter  shall  be 
not  less  than  3i  times  the  diameter  of  bolt  for  which  it  is  used,  and  its  thickness 
equal  to  the  diameter  of  bolt;  the  diameter  of  hole  shall  be  i  in.  larger  than 
the  diameter  of  the  bolt. 

Wrought  Washers. — ^Wrought  washers  shall  be  of  wrought  iron  or  steel; 
the  diameter  shall  be  not  less  than  3i  times  the  diameter  of  bolt  for  which  it  is 
used,  and  not  less  than  i  in.  thick.  The  hole  shall  be  i  in.  larger  than  the 
diameter  of  the  bolt. 

Special  Castings. — Special  castings  shall  be  made  true  to  pattern,  without  wind, 
free  from  flaws  and  excessive  shrinkage;  size  and  shape  to  be  as  called  for  by 
the  plans. 

ALLOWABLE  STRESSES  IN  TIMBER.— The  timber  for 
highway  bridges  should  be  proportioned  for  the  following  unit  stresses, 
given  in  pounds  per  square  inch.  Impact  stresses  are  to  be  included 
as  specified  in  §  36,  Appendix  I. 

TABLE  LXIV. 


Kind  of  Timber. 

Transverse 
Loading. 

End 
Bearing 

Columns 

Under  xo 

Diameters. 

C 

Bearing 
Across 
Fiber. 

Shear  Aloog 
Fiber. 

White  Oak 

1,200 

1,500 

1,000 

800 

1,200 

1,500 

1,000 

800 

1,000 

1,000 

600 

500 

500 

350 
200 

200 

200 

I^rong  Leaf  Yellow  Pine  ... 
White  Pine  and  Spruce.... 
Hemlock 

100 
100 
100 
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Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least 
dimension.     The  unit  stress  for  lengths  of  more  than   10  times  the 
least  dimension  shall  be  reduced  by  the  following  formula : 
CI 
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Fic  273.    Highway  Crossing,  Illinois  Central  R.  R. 
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Detail  of  Hanger. 
CasfIrw>-2-Req'd. 
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Hi'    ' 
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Fig.  273.    Details  of  Timber  Truss  Shown  in  Fig.  273. 

where  C^iinit  stress,  as  given  above  for  short  columns; 
P^ allowable  unit  stress,  in  lbs.  per  sq.  in.; 
/  =  length  of  column,  in  inches; 
d=:  least  side  of  column,  in  inches. 
In  applying  compression  formulas  to  columns  made  up  of  several 
pieces  bolted  together  at  intervals,  each  piece  shall  be  assumed  as  an 
independent  column. 
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Examples  of  Timber  Trestles. — A  standard  frame  bent  trestle 
crossing  for  a  double  track  railroad,  as  designed  by  the  Illinois  Central 
R.  R.  is  shown  in  Fig.  272  and  in  Fig.  273.  The  floor  system  is  heavier 
than  is  required  for  ordinary  loads. 


Jl^ 


Jl, 


tIBt  HCYtJIOH 

Flo.  274.    Pile  Trestle,  Pennsylvania  Lines  West  of  Pittsbubc. 


A  standard  pile  trestle,  designed  by  the  Pennsylvania  Lines  West  of 
Pittsburg,  is  shown  in  Fig.  274,  while  a  standard  framed  trestle,  designed 
by  the  same  company,  is  shown  in  Fig.  275. 

TIMBER  KING  POST  BRIDGE.— A  timber  King  post  bridge 
of  34-ft,  span  is  shown  in  Fig.  272,  and  the  details  of  the  joints  are 
shown  in  Fig.  273.  The  chords  are  12"  X  12"  with  joints  as  at  A  and 
B  in  Fig.  273.  A  bent  plate  is  used  at  joint  B.  The  floorbeam  consists 
of  2-7"  X  16"  timbers  and  is  supported  on  the  hanger  casting. 

TIMBER  HOWE  TRUSS  BRIDGES.— The  Howe  truss  is  built 
with  timber  top  and  bottom  chords  and  incHned  webs,  iron  or  steel  ver- 
tical rods,  and  cast  iron  angle  blocks,  as  shown  in  Fig.  276.  The  design 
of  a  Howe  truss  is  principally  the  design  of  the  joints  and  the  splices. 
Care  should  be  used  to  give  adequate  bearing  area  at  right  angles  to  the 
grain,  and  to  provide  against  shearing  along  the  grain  of  the  wood. 
The  allowable  stresses  for  timber  as  given  in  Table  LXIV  should  be 


398  DESIGN    OF   TIMBER   AND    COMBINATION    BRIDGES. 

used.  The  allowable  tensile  stress  in  iron  should  be  taken  at  12,000 
lbs.  per  square  inch,  while  the  allowable  tensile  stress  in  steel  should 
be  taken  at  15,000  lbs.  per  sq,  in. 


Fre.  275.    Framed  Trestle,  Pen 


Lines  West  of  PmsBUBG. 


Fic.  276.    Through  Howe  Truss. 

A  timber  Howe  deck  electric  railway  bridge  Is  shown  in  Fig.-  277. 
Timber  packing  blocks  were  used,  and  hard  wood  keys  were  used  in 
splicing  the  lower  chords.  The  upper  and  lower  lateral  systems  are  of 
the  Howe  truss  type. 
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COMBINATION  BRIDGES. — In  a  combination  bridge  the  top 
chords  and  the  intermediate  posts  are  made  of  timber,  while  the  tension 
members  are  made  of  iron  or  steel.  Combination  bridges  are  usually 
made  of  the  Pratt  type.     There  are  numerous  types  of  combination 


Fic.  277.    Deck  Howe  Truss  Elkctric  Railway  Bbtdge. 

bridges,  depending  on  tlie  details  of  the  joints,  Fig.  278  and  Fig.  279. 
A  three-panel  combination  bridge,  as  designe<l  by  the  Gillette- Her zog 
Mfg.  Co.,  is  shown  in  Fig.  280.  A  hip  casting  was  used  as  shown. 
The  shoe  is  made  of  a  i2"Xi2"X4"  plate  to  which  is  riveted  a 
3i"  X  5"  X  i"  angle  12"  long.     The  other  details  are  clearly  shown. 
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>tingNo.50 
Hip  Casfiny 


Ca5fin^No.52 
Top  Cfwn/Posl  Casting 


Fjc.  278.    Cast  Iron  Details  fob  Combination  Bktdces.     (Peppabd  Details.) 


The  working  plans  of  a  loo-ft.  combination  highway  bridge  are 
shown  in  Fig.  281.  Castings  are  used  for  the  shoe,  hip  and  upper  chord 
joints,  while  steel  shoes  are  used   for  the  intermediate  posts.     This 
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la^iK 


5/m  CaitlryN0.IL 


Post  Stu>6 


OuH^  Casting  NoJ3. 

Fig.  2/9-    Details  fob  Combination  Bbidces.     (Gillette-Herzoc  Details,) 

bridge  may  also  be  bnilt  with  steel  fluorbeams.  Details  of  standard 
shoe,  hip  and  top  chord  castings  are  shown  in  Fig.  278.  The  Gillette- 
Herzog  Mfg.  Co.  standard  details  for  combination  bridges  are  shown 
in  Fig.  279.  It  will  be  seen  that  these  details  give  true  pin  joints,  but 
they  are  materially  heavier  than  the  details  shown  in  Fig.  278. 

Weight  of  Combination  Bridges. — The  weight  of  the  steel  and 
iron  in  a  combination  bridge  varies  with  the  style  of  details.  The 
weight  of  the  steel  and  cast  iron  in  bridges  of  the  "  Peppard  "  type  are 
approximately  40  per  cent  of  the  weight  of  steel  bridges  of  the  same 
span,  loading  and  dimensions.  The  weight  of  the  steel  and  cast  iron 
in  bridges  of  the  Gillette-Herzog  Mfg.  Co.  type  are  approximately  45 
to  50  per  cent  of  the  weight  of  steel  bridges  of  the  same  span,  loading 
and  dimensions. 
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CHAPTER   XIX. 
Erection,  Estimates  of  Weights  and  Costs  of  Highway  Bridges. 


ERECTION  OF  STEEL  HIGHWAY  BRIDGES.— The  details 
of  the  operation  of  erecting  steel  highway  bridges  will  depend  upon  the 
type  of  bridge,  length  of  span  and  character  of  the  crossing.  Short 
span  plate  girder  and  riveted  truss  bridges  may  be  riveted  or  bolted  ' 
up  on  the  bank,  and  then  swung  in  place  by  means  of  a  gin  pole  (a  long 
pole  held  solidly  at  the  bottom  and  held  in  place  at  the  top  by  guy 
ropes;  the  load  is  lifted  by  blocks  and  falls  fastened  to  the  top  and 
bottom  of  the  pole,  while  the  load  is  swung  into  place  by  manipulating 
the  guy  ropes).  Pin-connected  bridges  of  all  spans  and  long  span 
riveted  truss  bridges  are  erected  on  falsework,  usually  constructed  of  ■ 
timber.  The  erection  of  a  long  span  pin-connected  truss  highway 
bridge  will  now  be  described. 


Fro.  282.    Falsew 


R  Erecting  a  Hcrhway  Bridge. 


Erection  of  Petit  Truss  Bridge. — The  falsework  used  in  erecting 
a  406-ft.  span  Petit  truss  highway  bridge,  shown  in  Fig.  167  and  Fig, 
168,  is  given  in  Fig.  282;  while  the  traveler  used  in  erecting  the  bridge 
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is  shown  in  Fig.  283.  The  falsework  was  constructed  by  driving  5 
lines  of  piles  to  a  good  refusal.  The  piles  were  sawed  ofT  and  capped 
with  12"  X  12"  timbers,  as  shown.  The  longitudinal  sills  for  the  trav- 
eler were  10"  X  12"  timbers,  while  3"  X  10"  timbers  were  used  for 


-  u  u 

Fio.  283.    Traveler  for  Erecting  a  Highway  Bridge. 

transverse  and  longitudinal  bracing.  The  pile  bents  were  spaced  29  ft 
centers,  which  was  the  same  as  the  panel  length  of  the  bridge.  The 
traveler  was  built  so  that  it  would  clear  the  bridge  when  it  was 
erected,  and  was  58  ft.  long.  After  the  falsework  was  completed  the 
traveler  was  erected  and  moved  out  on  the  track  to  the  center  of  the 
bridge.  The  floorbeams  and  lower  chord  bars  were  then  put  in  place 
on  the  falsework,  care  being  used  to  see  that  the  pedestals  would  come 
in  their  proper  places. 
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The  four  vertical  posts  forming  the  middle  double  panels  were 
then  lifted  into  place  by  means  of  a  hoisting  engine  and  were  bolted 
to  the  floorbeams.  The  diagonals  were  then  put  in  place  and  the  posts, 
diagonal  and  lower  chords  were  connected  up.  The  middle  sections 
of  the  top  chord  were  then  put  in  place  and  the  diagonals,  top  struts, 
sway  and  lateral  bracing  were  put  in  place.  The  middle  panel  of  the 
bridge  was  now  self-supporting.  The  traveler  was  then  moved  58  ft. 
toward  one  end  of  the  bridge  and  the  next  double  panel  was  erected, 
and  so  on  until  finally  the  end-posts  were  erected.  The  traveler  was 
then  taken  back  past  the  center  of  the  bridge  and  the  other  end  was 
erected  in  the  same  manner.  The  blocking  was  then  knocked  from 
under  the  panel  points  and  the  span  was  swung  free.  After  this  the 
riveting  was  completed,  the  floor  joists  and  floor  covering  were  put  in 
place  and  the  bridge  was  painted. 

Pilot  points  and  driving  nuts,  as  shown  in  Fig.  183,  are  used  in 
driving  chord  pins  to  protect  the  threads. 

In  erecting  deck  bridges  the  traveler  is  often  run  on  the  completed 
part  of  the  span.  Steel  trestles  may  be  erected  from  a  traveler  run  on 
top  of  the  completed  structure ;  or  the  bents  may  be  riveted  up  on  the 
ground  and  then  erected  by  using  a  gin  pole,  and  after  the  towers  have 
been  erected  the  girders  are  raised  in  place  by  means  of  gin  poles 
fastened  to  the  tops  of  the  towers. 

In  erecting  small  highway  bridges  of,  say,  loo-ft.  span,  a  traveler 
is  not  ordinarily  used.  After  building  the  falsework,  as  previously 
described,  the  four  vertical  posts  near  the  center,  together  with  the 
middle  sections  of  the  top  chord,  are  raised  by  means  of  gin  poles,  a 
hand  crab  being  used  in  place  of  a  hoisting  engine^ 

The  top  chords  of  bridges  should  be  designed  with  special  refer- 
ence to  the  methods  used  in  erecting  the  bridge.  In  bridges  with  par- 
allel chords,  the  middle  section  of  the  top  chord  should  be  detailed  sOv 
that  the  middle  panel  of  both  chords  may  be  erected  and  made  self- 
supporting.  Splices  in  top  chords  should  be  placed  as  near  panel  points 
as  practical,  and  between  the  panel  point  and  the  nearest  end  of  the 
bfidge.  In  bridges  with  inclined  chords  no  splices  are  required,  the 
stresses  in  the  chords  being  transferred  directly  through  the  pin. 

ESTIMATE  OF  WEIGHT  OF  STEEL  HIGHWAY 
BRIDGES. — The  methods  of  calculating  the  weights  of  bridges  are: 
(i)  estimate  from  finished  shop  drawings;  (2)  estimate  from  detail 
drawing;  (3)  estimate  from  stress  sheet. 
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(i)  Estimate  from  Shop  Drawings. — The  weight  of  a  i6o-ft. 
span  steel  highway  bridge  is  calculated  from  shop  drawings  in  Table 
LXXII,  Chapter  XXI.  The  weights  of  the  members  in  the  order, 
end-posts,  top  chords,  etc.,  are  calculated  in  detail.  The  "  main  mem- 
bers "  are  those  that  are  given  on  the  stress  sheet  and  are  either  mem- 
bers in  which  stresses  occur  or  which  are  specified  by  the  designing 
engineer ;  while  the  "  details  "  are  plates,  angles,  rivets,  etc.,  which  are 
necessary  to  develop  the  strength  of  the  main  members.  The  values 
given  in  column  8  are  the  weights  of  "  details  "  in  per  cent  of  weights 
of  "  main  members."  The  weights  per  foot  given  in  column  6  were 
obtained  from  the  Cambria,  Carnegie  or  other  handbook.  The  weights 
of  rivet  heads  were  taken  from  Cambria  Steel,  and  are  larger  than 
given  by  Carnegie.  The  actual  shipping  weight  is  desired,  and  the 
weights  of  rivet  heads,  only,  are  calculated,  it  being  assumed  that  the 
remainder  of  the  rivets  fill  the  holes  punched  in  the  members.  The 
total  weights  of  the  diflFerent  parts  of  the  bridge  and  the  percentage  of 
details  are  shown  in  Table  LXXII  I.  The  total  weight  of  details  in 
per  cent  of  main  members,  exclusive  of  fence,  joists,  wall  plates,  bolts 
for  lumber  and  spikes,  is  28.7  per  cent.  The  total  weight  of  rivet 
heads  in  per  cent  of  total  weight  of  bridge,  exclusive  of  fence,  joists, 
etc.,  for  three  bridges  are  given  in  Table  LXXV.  The  weights  of 
lateral  systems,  lumber  and  other  data  are  also  given  in  Table  LXXV. 

The  weight  of ipins  in  highway  bridges  varies  from  2  to  3  per  cent 
of  the  total  weight  of  the  metal,  exclusive  of  joists,  fence,  etc.  The 
weight  of  rivet  heads  in  pin-connected  bridges  varies  from  2  to  4^  per 
cent  of  the  total  weight  of  the  metal,  exclusive  of  joists,  fence,  etc. 
The  weight  of  rivet  heads  in  riveted  highway  bridges  varies  from  2.5 
to  5  per  cent  of  the  total  weight  of  the  metal,  exclusive  of  fence,  joists, 
etc.  The  total  weight  of  the  rivet  heads  in  the  11 1  ft.  6  in.  riveted 
Pratt  truss  highway  bridge,  shown  in  Figs.  162  and  163,  was  2.8  per 
cent  of  the  total  weight  of  the  metal,  exclusive  of  the  fence,  joists,  etc. 

The  details  in  per  cent  of  total  weight  of  main  members,  exclusive 
of  joists,  fence,  etc.,  will  vary  from  25  to  35  per  cent  for  pin-connected 
and  riveted  highway  bridges  in  which  the  top  chords  are  made  of  two 
channels  and  one  plate,  of  two  angles  placed  back  to  back,  or  two  angles 
and  a  plate;  while  for  bridges  with  open  chords  composed  of  two 
channels  laced,  or  two  angles  laced,  the  details  will  vary  from  30  to 
45  per  cent  of  the  weight  of  the  main  members.  The  details  of  low 
truss  riveted  highway  bridges  of  the  types  shown  in  Figs.  146  and  147, 
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will  weigh  from  25  to  30  per  cent  of  the  total  weight  of  main  members, 
exclusive  of  fence,  joists,  etc. 

The  weight  of  pedestals  in  terms  of  the  total  weight  of  metal, 
exclusive  of  joists,  fence,  etc.,  will  vary  from  i  to  3  per  cent.  Thei 
weights  of  the  details  in  6  pin-connected  highway  bridges  are  given  in 
Table  LXV,  while  the  weight  of  the  details  of  the  members  of  a  11 1  ft. 

TABLE  LXV. 
Details  of  Steel  Highway  Bridges. 


Pabts  op  Bridgb. 


Weight  of  pins  in  pcr^ 
cent  of  total  weight  of  I 
metal  exclusive  offence,  [ 
joists,  etc.  J 

Weight  of  rivet  heads  in  > 
per  cent  of  total  weight  I 
of   metal   exclusive  of  r 
fence,  joists,  etc.  J 

Total  weight  of  details  in 
per  cent  of  total  weight 
of  metal  exclusive  of 
fence,  joists,  etc 

Weight  of  pedestals  in^ 
per  cent  of  total  weight  I 
of  metal  exclusive  of  | 
fence,  joists,  etc.  J 


x6(/  X  x6', 

8  Panbz., 

Parallel 

Chord. 


1.87 


345 


28.7 


1.45 


i6o'Xi6', 
o  Panbl, 

iNCLINSD 

Chord. 


2.69 


4.30 


33.1 


2.10 


160'  X 14'. 

xo  Panel, 

Inclined 

Chord. 


1.93 


3.36 


25.7 


1.70 


xio'Xx6', 

7  Tanbl, 

Parallel 

Chord. 


2.60 


2.38 


26.0 


1.30 


xio'  X  x8', 

7  Panel, 

Parallel 

Chord. 


2.16 


2.00 


30.0 


2.10 


135'  X  ly. 

?  Panel, 
nclined 
Chord. 


242 


2.62 


28.7 


2.45 


6  in.  riveted  Pratt  highway  bridge  are  given  in  Table  I.  The  shop 
drawings  of  this  bridge  are  shown  in  Figs.  162  and  163.  This  bridge 
has  exceptionally  heavy  details.  As  a  rule,  highway  bridges  do  not 
have  sufficient  details  to  properly  develop  the  strengths  of  the  members. 
In  this  connection  it  should  be  remembered  that  the  per  cent  of  details 
should  be  larger  for  light  country  highway  bridges  than  for  heavy  city 
or  electric  railway  bridges  designed  under  similar  specifications. 

The  per  cent  of  the  details  for  different  individual  members  of  a 
bridge  can  be  seen  by  the  study  of  Table  I  and  the  estimate  in  Chapter 
XXI.  It  will  be  seen  that  there  is  a  great  variation  in  the  details 
depending  upon  the  make-up  of  the  member  and  other  conditions. 
The  estimater  should  work  out  numerous  problems  and  in  this  manner 
develop  his  estimating  sense. 
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(2)  Estimate  from  Detail  Drawings. — Detail  drawings  show  the 
main  members  partially  detailed.  The  drawings  give  the  number  and 
approximate  sizes  of  plates,  the  sizes  of  lacing  bars,  rivets,  etc.,  and 
the  approximate  rivet  spacing.  In  making  an  estimate  from  detail 
drawings  the  main  members  are  taken  from  the  drawings,  while  part 
of  the  details  are  supplied  by  the  estimate r.  In  order  that  the  estimate 
be  accurate  the  estimater  must  be  familiar  with  the  shop  standards  of 
the  company  that  will  fabricate  the  structure. 

(3)  Estimate  from  the  Stress  Sheet. — In  this  method  the  weights 
of  the  main  members  are  calculated  directly  from  the  stress  sheet, 
while  the  weights  of  the  details  are  supplied  by  the  estimater.  The 
weight  of  the  details  may  be  estimated  (a)  by  adding  a  percentage  to 
each  member — end-post,  top  chord,  etc.,  or  (b)  by  adding  a  percentage 
to  the  total  weight  of  main  members,  exclusive  of  fence,  joists,  etc. 
The  second  method  is  very  satisfactory  where  a  standard  type  of  bridge 
is  used,  while  the  first  method  should  always  be  used  for  new  types 
of  construction. 

Approximate  estimates  may  be  obtained  from  calculated  weights, 
as  shown  in  Chapter  II.  This  method  is  quite  accurate  when  the  tables 
or  diagrams  have  been  calculated  for  the  standards  in  use. 

Accuracy  of  Estimates. — The  rolls  used  in  rolling  sections  are 
designed  to  give  a  section  of  the  required  weight  when  the  rolls  are 
new,  so  that  sections  are  usually  slightly  heavier  than  the  figured 
weights  due  to  the  wear  or  the  spreading  of  the  rolls.  The  allowable 
overweights  of  sections  and  plates  are  given  in  the  Specifications  in 
Appendix  I.  It  is  commonly  specified  that  the  actual  weight  of  fabri- 
cated steel  work  may  vary  not  more  than  2^  per  cent  from  the  figured 
weight.  This  means  that  where  fabricated  structural  steel  is  bought 
at  a  pound  price,  the  purchaser  will  have  to  pay  for  the  actual  weight, 
providing  it  does  not  exceed  the  calculated  weight  by  more  than  2^ 
per  cent.  Where  fabricated  structural  steel  work  is  more  than  2^  per 
cent  lighter  than  the  calculated  weight,  the  purchaser  may  refuse  to 
accept  the  material.  This  latter  case  never  occurs  unless  sections  lighter 
than  those  shown  on  the  drawings  are  substituted.  The  estimate  made 
from  shop  drawings  should  be  used  as  a  basis  for  comparison.  The 
results  obtained  from  the  detail  drawings  or  from  stress  sheets  should 
not  vary  from  shipping  weight  by  more  than  ij  to  2  per  cent,  and 
should  be  a  little  heavy  rather  than  lightf  Estimates  from  stress  sheets 
should  be  made  only  by  a  skilled  estimater. 
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Shop  Waste. — The  shipping  weight  of  fabricated  structural  steel 
will  be  less  than  the  weight  of  the  rolled  steel,  due  to  the  loss  in  rivet 
slugs,  clippings,  beveled  cuts,  milling,  etc.  This  loss  will  vary  from 
3  to  5  per  cent  for  highway  bridges. 

Estimate  of  Lumber. — Lumber  is  estimated  in  board  feet,  a  board 
foot  being  a  piece  12  in.  square  and  i  in.  thick.  Commercial  sizes  of 
lumber  are  less  than  the  stated  dimensions,  so  that  where  full  sized 
timbers  are  desired  it  is  necessary  to  specify  this  explicitly.  Specifi- 
cations for  bridge  timbers  are  given  in  Chapter  XVIII. 

Weight  of  Floor. — The  weight  of  oak  is  commonly  taken  as  4J 
and  pine  3J  lbs.  per  foot  B.  M.  The  actual  weights  of  other  materials 
should  be  calculated,  see  Chapter  II  and  Appendix  I. 

Miscellaneous  Data. — The  American  Bridge  Company's  standards 
contain  the  following  data:  For  low  spans  the  center  to  center  length 
should  equal  the  clear  span  plus  i  ft.  6  in.;  while  the  length  over  all 
is  equal  to  the  c  to  c  length  plus  i  ft.  For  high  trusses  the  center  to 
center  length  should  equal  the  clear  span  plus  2  ft. ;  while  the  length 
over  all  is  equal  to  the  doc  length  plus  i  ft.  6  in. 

Standard  lattice  rail  is  made  of  two  angles  2^"  X  2"  X  A"»  18" 
back  to  back,  with  double  lacing  made  of  i^"  X  A">  12"  center  to 
center.  Total  weight  of  this  rail  is  9J  lbs.  per  lineal  foot,  plus  25  lbs. 
for  each  end.  This  weight  does  not  include  the  posts.  Posts  for  gas 
pipe  rail  weigh  25  lbs.  each  and  should  be  placed  at  each  panel  point 
and  midway  point. 

Anchor  bolts  for  high  spans  may  be  estimated  at  20  lbs.  per  span. 
Anchor  bolts  for  low  truss  spans  may  be  estimated  at  16  lbs.  per  span. 
Floor  bolts  through  wheel  guard  weigh  i  lb.  per  lineal  foot  of  span. 

In  estimating  the  weight  of  sidewalk  brackets  run  the  floorbeam  out 
a  distance  equal  to  the  clear  width  of  the  sidewalk  and  add  100  lbs.  for 
the  weight  of  the  railing  post. 

ESTIMATE  OF  COST.— The  cost  of  a  steel  highway  bridge  may 
be  divided  into  (i)  cost  of  material,  (2)  cost  of  fabrication,  (3)  cost 
of  transportation,  (4)  cost  of  erection,  (5)  cost  of  substructure,  and 
(6)  profit.  The  subject  of  costs  is  a  very  difficult  matter  to  handle, 
and  the  author  would  caution  the  reader  to  use  the  data  given  on  the 
following  pages  with  great  care,  for  the  reason  that  costs  are  always 
relative  and  what  may  be  a  fair  cost  in  one  case  may  be  sadly  in  error 
in  another  case,  which  appears  to  be  an  exact  parallel.  The  price  of 
labor  will  be  given  in  each  case  or  the  cost  will  be  charged  on  the  basis 
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of  40  cents  per  hour,  which  includes  labor,  cost  of  management,  tools. 
The  costs  given  below  are  the  average  costs  for  a  shop  with  a  capacity 
of  about  1,000  tons  per  month  that  has  made  a  specialty  of  highway 
bridge  work.  The  costs  given  are  based  on  a  charge  of  40  cents  per 
hour  for  the  number  of  hours  actually  consumed  in  getting  out  the  con- 
tract. This  charge  is  assumed  to  cover  the  cost  of  management,  cost 
of  operation  and  maintenance,  as  well  as  the  cost  of  labor.  The  cost 
of  management  in  a  small  shop  is  very  low,  but  in  a  large  concern  it 
may  amount  to  as  much  as  35  to  40  per  cent  of  all  the  other  charges 
^>  combined.  For  this  reason  small  shops  can  often  fabricate  light  high- 
way bridge  steel  for  a  less  cost  than  the  large  shops.  The  prices  given 
are  about  an  average  of  those  used  by  the  agents  of  the  company  above, 
and  have  been  checked  against  actual  costs  for  the  greater  part.  For 
additional  data  on  the  costs  of  structural  steel,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings  "  and  "  The  Design  of  Walls,  Bins  and 
Grain  Elevators." 

Cost  of  Material. — The  price  of  structural  steel  is  quoted  in  cents 
per  pound  delivered  free  on  board  cars  (f.  o.  b.)  at  the  point  at  which 
quotation  is  made.  Current  prices  may  be  obtained  from  the  Engi- 
neering News,  Iron  Age,  or  other  technical  papers.  Present  prices 
(1908)  f.  o.  b.  Pittsburg,  Pa.,  are  as  follows: 

TABLE  LXVI. 

Prices  of  Structural  Steel  (1908),  F.  O.  B.  Pittsburg,  Pa.,  in  Cents  Per 

Pound. 

Price  In  Ct»- 
Material.  Per  Lb. 

I  beams  18"  and  over 1.70 

I  beams  and  channels  3"  to  15" 1.60 

Angles  3"  to  6"  inclusive 1.70 

Angles  over  6" 1.80 

Tees  3"  and  over  1.80 

Zees  3"  and  over  1.70 

Channels,  angles,  T's  and  Z's  under  3^^ 1.60 

Plates,  structural,  base  1.60 

Plates,  flange,  base 1.70 

Bars  and  rivet  rods 1.60 

Deck  beams  and  bulb  angles 1.90 

Checkered  plates  2.25 

Forged  rounds  5"  to  11"  diameter 2.75 

Eye-bar  flats  8"  to  12"  inclusive 2.10 

Eye-bars  over  6"  and  under  8" i.QO 

Eye-bars  6"  and  under 1.60 
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Eye-bars  over  12"  wide  subject  to  special  arrangement. 

Rolled  rounds  over  3"  diameter,  18"  long  or  over,  0.35  cents  per  lb.  extra. 

Rolled  rounds  over  3"  diameter,  under  18"  long,  0.65  cents  per  lb.  extra. 

The  prices  above  are  net  with  the  exception  of  those  for  plates  and 
bars  which  are  subject  to  standard  extras  as  follows : 

Extras. — Shapes,  Plates  and  Bars: 

(Cutting  to  length.) 

Under  3'  to  2',  inclusive 0.25  cts.  per  lb. 

Under  2'  to  i',  inclusive 0.50        " 

Under  i'  1.55 

Extras — Plates  (Card  of  January  7,  1902): 
Base  i"  thick,  100"  wide  and  under,  rectangfular   (see  sketches). 
Weights — see  Mfgr's.  Standard  Specifications,  Carnegie  or  Cambria  Hand- 
Books. 

'  Per  100  Lbs. 

Widths— 100''  to  no" $  .05 

no"  to  115" 10 

115"  to  120" 15 

120"  to  125" 25 

125"  to  130" 50 

Over  130" 1.00 

Gages  under  i"  to  and  including  A" 10 

Gages  under  A"  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No.  9 25 

Gages  under  No.  9  to  and  including  No.  10 30 

Gages  under  No.  10  to  and  including  No.  12 40 

Complete  circles 20 

Boiler  and  flange  steel 10 

Marine  and  fire  box 20 

Ordinary  sketches    10 

(Except  straight  taper  plates,  varying  not  more  than  4"  in  width  at  ends, 
narrowest  end  not  less  than  30",  which  can  be  supplied  at  base  prices.) 

TABLE  LXVII. 
Standard  Classification  of  Extras  on  Iron  and  Steel  Bars  * 

Rounds  and  Squares. 
Squares  up  to  4I  inches  only.    Intermediate  sizes  take  the  next  higher  extra. 

Per  200  Lbs. 

i   to  3      inches  Rates. 

I   to    H       "  $0.10  extra. 

i   to    A       "  20      " 

A  "  40      " 

I  "  50      " 

♦Adopted  August,  1902. 
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A  inches .60  extra. 

i  and  ^2       "      70  « 

A  "      1.00  " 

A  "      2.00  " 

3^  to  3i         "       15  " 

3  A  to  4  "       25  " 

41^  to  4J         '* 30  " 

4:^0  to  5  "       40  " 

5i    to  5i         "       50  " 

5i    to6  "       75  " 

6J    to  6i         "       1.00  " 

61    to  7i         "       1.25  " 

Flat  Bars  and  Heavy  Bands. 

Per  icx>  Lbt. 

I      to     6      inches  x  I  to     i       inch    Rates. 

I      to     6  "      X  i  and    A     "      $0.20  extra. 

1 J  to       H       "      X  i  to       i       **      40  " 

H  to       II        "      X  i  and    A     "       50  " 

A  and    i  "      X  I  to       i       "      50  " 

-ft  and    I  "      X  i  and     A     "      70  " 

i  "      X  i  and    A     "       90  " 

i  "      X  i  and    A     "      i.io  " 

A  "      xi  "       1.00  " 

A  "      X  i  and    A     "  .    1.20  " 

I  "      X  i  and     A     "       1.50  " 

li    to     6  "      xiAtoiA     "      10  " 

ij    to     6  "      X  li    to  li       "      20 

if    to     6  "      X  li    to  2I       "      30 

3i    to     6  "      X  3     to  4         "       40 


it 
u 
tt 


COST  OF  FABRICATION.— The  cost  of  fabrication  of  steel 
bridges  may  be  divided  into  (a)  cost  of  drafting,  (b)  cost  of  mill 
details,  and  (c)  cost  of  shop  labor. 

(a)  Cost  of  Drafting. — The  cost  of  drafting  varies  with  the  char- 
acter of  the  bridge  and  the  shop  methods  of  the  bridge  company. 
There  are  two  methods  in  common  use  for  detailing  bridges.  The  first 
method  is  to  make  the  drawings  so  complete  that  templates  can  be 
made  for  each  individual  piece,  separately  on  the  bench.  The  second 
method  is  to  give  on  the  drawings  only  suflFicient  dimensions  to  locate 
the  intersections  of  the  members  and  the  positions  of  the  pieces,  leaving 
the  template  maker  to  work  out  the  details  on  the  laying-out-floor. 
The  first  method  is  illustrated  in  Figs.  163  and  285  and  the  second  in 
Figs.  156  and  159.  Most  small  bridge  companies  use  the  second 
method,  while  the  American  Bridge  Company  and  other  large  bridge 
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companies  use  the  first  method.  The  cost  of  making  details  by  the 
second  method  will  vary  from  $i.oo  to  $2.00  per  ton;  while  the  cost 
of  making  details  by  the  first  method  varies  from  $2.00  to  $4.00  per  ton. 

(b)  Cost  of  Mill  Details. — The  American  Bridge  Co.'s  card  for 
cost  of  mill  details  differs  somewhat  from  the  standard  card  of  cost  of 
mill  details  given  in  the  author's  book  on  "  The  Design  of  Steel  Mill 
Buildings,"  Chapter  XXVIII. 

American  Bridge  CoJs  card  of  cost  of  mill  details: 

Mill  rates: 

"a"— 0.15  cts.  per  lb. 

This  covers : 

Plain  punching  i  size  hole  in  web  only. 

Plain  punching  i  size  hole  in  one  or  both  flanges. 

"6"— 0.25  cts.  per  lb. 

This  covers  plain  punching  one  size  hole  in  either  web  and  one  flange  or 
web  and  both  flanges.  (The  holes  in  the  web  and  flange  must  be  of  the  same 
size.) 

" c" — 0.30  cts.  per  lb. 

This  covers: 

Punching  of  2  size  holes  in  the  web  only. 

Punching  of  2  size  holes  in  one  or  both  flanges. 

"J"— 0.35  cts.  per  lb. 

This  covers  punching  and  assembling  into  girders.  Coping,  ordinary 
beveling,  including  riveting  and  bolting  of  standard  connection  angles  (this 
class  includes  beams  shipped  with  connection  angles  bolted). 

" e" — 0.40  cts.  per  lb. 

This  covers  the  punching  of  one  size  hole  in  the  web  and  another  size  hole 
in  the  flanges. 

"/"— 0.15  cts.  per  lb. 

This  covers  cutting  to  length  with  less  variation  than  plus  or  minus  I". 

" r" — 0.50  cts.  per  lb. 

This  covers  beams  with  cover  plates,  shelf  angles  and  ordinary  riveted 
beam  work,  unless  they  are  charged  under  class  "rf." 

If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not 
be  included  in  the  beam  classification  but  estimated  the  same  as  riveted  work. 
On  all  material  estimated  for  cost  at  mill  rates,  10  cts.  per  100  lbs.  is  to  be 
allowed  for  painting  and  5  cts.  per  100  lbs.  is  to  be  allowed  for  drawings. 

Fittings. — All  fittings,  whether  loose  or  attached,  such  as  angle  connections, 
bolts,  separators,  tie  rods,  etc.,  whenever  they  are  estimated  on  in  connection 
with  beams  or  channels,  to  be  charged  at  1.55  cts.  per  lb.  over  and  above  the 
base  price.  The  extra  charge  for  painting  is  to  be  added  to  the  price  for  fittings 
also.  The  base  price  on  which  fittings  are  based  is  not  the  base  price  of  the 
beams  to  which  they  are  attached,  but  is  in  all  cases  the  base  price  of  beams  15" 
and  under.  The  above  rates  will  not  include  painting  or  oiling,  which  should  be 
charged  at  the  rate  of  o.io  cts.  per  lb.  for  one  coat,  over  and  above  the  base 
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price  plus  the  extra  specified  above.  For  plain  punched  beams,  where  holes  of 
more  than  two  sizes  are  used,  0.15  cts.  per  lb.  should  be  added  for  each  addi- 
tional size  hole;  for  example — Plain  punched  beams,  where  three  size  holes 
occur,  would  be  indicated  as  " e"  plus  0.15  cts.;  four  size  holes  as  " e"  plus 
0.30  cts.;  for  example — A  beam  with  \"  and  i"  holes  in  the  flanges  and 
I"  and  i"  holes  in  the  web  should  be  included  in  class  "  e,** 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates  except  " d** 
and  would  have  to  be  indicated,  for  example — Plain  punching  one  size  hole  in 
either  web  and  one  flange,  or  web  and  both  flanges,  and  cutting  to  length  would 
be  marked  "  hf"  which  would  establish  a  total  charge  of  0.40  cts.  per  lb. 

Note  to  class  " d": 

No  extra  charge  can  be  rendered  to  this  class  for  punching  various  size 
holes  or  cutting  to  length ;  in  other  words,  if  a  beam  is  coped,  or  has  connec- 
tion angles  riveted  or  bolted  to  it,  it  makes  no  difference  how  many  size  holes 
are  punched  in  this  beam — the  extra  will  always  be  the  same,  namely,  0.35  cts. 

Beams  with  shelf  angles,  short  seat  angles  or  cover  plates  are  strictly  not 
covered  by  card  rates.  They  can  be  charged  either  under  class  " d"  this  rate 
covering  only  the  beam  ^proper,  in  which  case  all  other  material  ought  to  be 
rated  as  fittings  with  the  charge  of  1.55  cts.  per.  lb.  over  and  above  the  base 
price,  or  they  can  be  classified  under  a  special  shop  rate,  "  r," — 0.50  cts.  per  lb. 
This  rate  applies  to  all  material  forming  the  piece.  It  is  the  intention  to  charge 
whatever  figures  are  the  lowest,  in  order  to  give  the  customer  the  benefit  of  the 
doubt.  In  preparing  the  estimate,  beam  material  should  be  marked  with  the 
letter  "&"  and  to  this  should  be  added  the  letter  giving  the  classification,  thus: 
A  beam  punched  with  one  size  hole  in  one  or  both  flanges  will  be  marked 
"  h  ar  etc. 

In  ordering  material  from  the  mill  the  following  items  should  be 
borne  in  mind:  Where  beams  butt  at  each  end  against  some  other 
member,  order  the  beams  J  inch  shorter  than  the  figured  lengths;  this 
will  allow  a  clearance  of  \  inch  if  all  beams  come  f  of  an  inch  too 
long.  Where  beams  are  to  be  built  into  the  wall,  order  them  in  full 
lengths,  making  no  allowance  for  clearance.  Order  small  plates  in  mul- 
tiple lengths.  Irregular  plates  on  which  there  will  be  considerable 
waste  should  be  ordered  cut  to  template.  Mills  will  not  make  reentrant 
cuts  in  plates.  Allow  \  of  an  inch  for  each  milling  for  members  that 
have  to  be  faced.  Order  web  plates  for  girders  i  to  J  inch  narrower 
than  the  distance  back  to  back  of  angles.  Order  as  nearly  as  possible 
every  thing  cut  to  required  length,  except  where  there  are  liable  to  be 
changes  made,  in  which  case  order  long  lengths. 

It  is  .often  possible  to  reduce  the  cost  of  mill  details  by  having  the 
mills  do  only  part  of  the  work,  the  rest  being  done  in  the  field,  or  by 
sending  out  from  the  shop  to  be  riveted  on  in  the  field  connection  angles 
and  other  small  details  that  would  cause  the  work  to  take  a  very  much 
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higher  price.  Standard  connections  should  be  used  wherever  possible, 
and  special  work  should  be  avoided. 

The  classification  of  iron  and  steel  bars  is  given  in  Table  LXVII. 
The  full  extra  charges  for  sizes  other  than  those  taking  the  base  rate 
are  seldom  enforced;  one-half  card  extras  being  very  common. 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the 
shipping  weight  from  the  structural  shop  is  wanted.  The  cost  of 
material  f.  o.  b.  the  shop  must  therefore  include  the  cost  of  waste, 
paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is 
variable  but  as  an  average  may  be  taken  at  4  per  cent.  Paint  material 
may  be  taken  as  one  dollar  per  ton.  The  cost  of  plain  material  at  the 
shop  would  be 

Average  cost  per  pound  f.  o.  b.  mill,  say 1.75    cts. 

Add  4  per  cent  for  waste *. '. 07      " 

Add  $1.00  per  ton  for  paint  material 005    " 

Add  freight  from  mill  to  shop  (Pittsburg  to  Chicago) 165    " 

Total  cost  per  pound  f.  o.  b.  shop 1.990    " 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound 
price  of  each  kind  of  material  by  the  percentage  that  this  kind  of 
material  is  of  the  whole  weight,  the  sum  of  the  products  will  be  the 
average  pound  price,  see  pp.  424  and  449. 

(c)  Cost  of  Shop  Labor. — The  cost  of  shop  labor  may  be  calcu- 
lated for  the  different  parts  of  the  bridge  or  the  cost  may  be  calculated 
for  the  bridge  as  a  whole. 

Cost  of  Individual  Parts  of  Bridges. — The  cost  of  fabricating 
joists  and  other  similar  members  should  be  estimated  on  the  basis  of 
mill  details,  which  see. 

Eye-bars. — The  shop  cost  of  eye-bars  varies  with  the  size  and 
length  of  the  bars  and  the  number  made  alike.  The  following  costs 
are  a  fair  average:  Average  shop  costs  of  bars  3  inches  and  less  in 
width  and  f  inch  and  less  in  thickness  is  from  1.20  to  1.80  cts.  per  lb., 
depending  upon  the  length  and  size.  A  good  order  of  bars  running 
2i"  X  J"  to  3"  X  3",  and  from  16  to  20  ft.  long,  with  few  variations 
in  size,  will  cost  about  1.20  cts.  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts. 
per  lb.  To  get  the  total  cost  of  eye-bars  the  cost  of  bar  steel  must  be 
added  to  the  shop  cost.  Plalf  card  extras  given  in  Table  LXVII 
should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 
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Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost 
is  about  as  follows:  Members  made  of  two  channels  and  a  top  plate 
with  lacing  on  the  bottom  side,  or  two  channels  laced  on  both  sides 
cost  about  I. GO  to  0.85  cts.  per  lb.  for  pin-connected  members  weighing 
from  600  to  1,500  lbs.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members 
with  riveted  end  connections.  Members  made  of  four  angles  laced  cost 
from  0.80  to  1. 10  cts.  per  lb.  for  members  with  riveted  ends.  Members 
made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles 
used  without  end  connections  should  have  their  cost  estimated  on  the 
basis  of  mill  details,  which  see. 

Pins. — The  cost  of  chord  pins  will  vary  with  the  size,  number  and 
other  requirements.  The  shop  cost  of  chord  pins  and  nuts  may  be 
estimated  at  from  2.00  to  3.00  cts.  per  lb.  Rollers  will  cost  practically 
the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making 
pins  and  rollers. 

Latticed  Fence. — The  shop  cost  of  light  simple  latticed  fence  made 
of  two  2"  X  2"  angles,  with  double  lacing  and  about  18"  deep,  will  be 
about  2.00  cts.  per  lb. ;  while  the  shop  cost  of  latticed  fence,  with  orna- 
mental rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  or  5.00 
cts.  per  lb. 

Floorbeams. — Plate  girders  used  for  floorbeams  will  cost  from  0.60 
to  1.25  cts.  per  lb.,  depending  upon  the  weight,  details  and  number 
made  at  one  time.  Floorbeams  made  of  rolled  I-beams  will  cost  from 
0.50  to  0.75  cts.  per  lb. 

Shop  Costs  of  Structures  as  a  Whole. — The  cost  will  be  taken  up 
under  the  head  of  pin-connected  bridges,  riveted  bridges,  plate  girder 
bridges,  combination  bridge  metal,  and  Howe  truss  metal. 

Shop  Cost  of  Pin-connected  Bridges. — The  shop  costs  of  pin- 
connected  highway  bridges,  exclusive  of  fence  and  joists,  are  about 
as  follows: 

Bridges  weighing  5,000  lbs.  and  less 1.30  cts.  per  lb. 

S,ooo  to     10,000  lbs 1.20 

10,000  to    20,000  lbs i.oo 

20,000  to    40,000  lbs 0.90 

40,000  to    60,000  lbs 0.80 

60,000  to  100,000  lbs 0.75 


if  <( 

it  ■            tt 

tt  ft 

ft  ft 

ft  i< 


These  costs  include  detailing  and  one  coat  of  shop  paint.     For 
reaming  add  0.15  cts.  per  lb. 


"  "       5>ooo  to     10,000  lbs i.oo        " 

"  "     10,000  to    20,000  lbs 0.90        " 

"  "     20,000  to    40,000  lbs 0.85        " 
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Shop  Cost  of  Riveted  Truss  Bridges. — The  shop  costs  of  riveted 
truss  bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing  5,000  lbs.  and  less 1.15  cts.  per  lb. 

5,000  to     10,000  lbs 1.00 

10,000  to    20,000  lbs 0.90 

20,000  to    40,000  lbs 0.85 

40,000  to     60,000  lbs 0.75 

"  "     60,000  to  100,000  lbs 0.70        " 

These  costs  include  detailing  and  one  coat  of  shop  paint.  For 
reaming  add  0.15  cts.  per  lb. 

Shop  Cost  of  Plate  Girder  Bridges. — The  shop  costs  of  plate  girder 
highway  bridges,  exclusive  of  fence  and  joists,  are  about  as  follows : 

Spans  weighing  10,000  lbs.  and  less 0.90         ^  cts.  per  lb. 

"  "  10,000  to    20,000  lbs 0.85  "      " 

"  "  20,000  to    40,000  lbs 0.75  "      " 

"  "  40,000  to    60,000  lbs 0.70  "      " 

"  "  60,000  to  100,000  lbs 0.50-0.60        "      " 

The  above  costs  include  detailing  and  one  coat  of  shop  paint.  For 
reaming  add  0.15  cts.  per  lb. 

Shop  Cost  of  Tubular  Piers  and  Culverts. — The  shop  costs  of  steel 
tubular  pier  shells  and  steel  culvert  pipe  are  about  as  follows : 

Tubes  18" to 24"  diameter,  J"  metal i.oo  cts.  per  lb. 

"     24"  to  30"  diameter,  i"  to  |"  metal 0.75  to  0.65      "      " 

"     30"  to  48"  diameter,  i"  to  f '  metal 0.70  to  0.60      "      " 

"     48"  to  72"  diameter,  i"  to  f "  metal 0.65  to  0.50      "      " 


The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint. 
The  necessary  bracing  and  rods  for  tubular  piers  are  included. 

The  Cost  of  Combination  Bridge  Metal. — Where  the  bars  and  rods 
are  standard  and  the  castings  are  made  from  standard  patterns,  the 
metal  for  combination  bridges  can  be  fabricated  at  about  the  same  cost 
per  lb.  as  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
the  metal  in  the  combination  bridges. 

The  Shop  Cost  of  Howe  Truss  Bridge  Metal. — The  shop  cost  of 
highway  bridge  castings  made  from  standard  patterns  is  from  1.50  to 
2.00  cts.  per  lb.  The  shop  cost  of  the  plates,  rods  and  other  miscella- 
neous iron  work  will  cost  2.00  to  2.50  cts.  per  lb. 

28 
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» 

TRANSPORTATION.— Fabricated  bridge  steel  commonly  takes 
a  "  fifth-class  rate  "  when  shipped  in  car  load  lots,  and  a  "  fourth-class 
rate"  when  shipped  "local"  (in  less  than  car  load  lots).  The  mini- 
mum car  load  depends  upon  the  railroad  and  varies  from  20,000  to 
30,000  lbs.  TariflF  sheets  giving  railroad  rates  may  be  obtained  from 
any  railroad  company.  The  shipping  clerk  should  be  provided  with 
the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that  the 
car  may  be  properly  loaded. 

ERECTION. — The  cost  of  erection  ordinarily  includes:  (i)  the 
cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the 
falsework  and  the  placing  of  the  steel  in  position;  (3)  the  riveting  up 
of  the  bridge,  and  (4)  painting  the  steel  and  the  woodwork. 

Hauling. — Transportation  over  country  roads  will  ordinarily  cost 
abotit  25  cts.  per  ton  mile,  in  addition  to  the  cost  of  loading  and  unload- 
ing. In  estimating  the  cost  of  hauling  on  any  particular  job  the  length 
of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
the  teams  should  be  considered.  The  cost  of  loading  on  the  wagons 
and  unloading  will  depend  upon  the  local  conditions,  but  will  ordinarily 
be  from  25  to  50  cts.  per  ton. 

Falsework. — If  piles  are  to  be  used  the  cost  should  be  carefully 
estimated.  The  cost  of  the  piles  in  place  will  vary  with  the  cost  of 
piles  and  local  conditions.  Under  ordinary  conditions  piles  in  false- 
work will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of 
the  timber  will  depend  upon  local  conditions  and  upon  what  use  is  made 
of  it  after  erection.  The  flooring  plank  can  often  be  used  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timber  in  the 
falsework  will  ordinarily  be  from  $6.00  to  $8.00  per  thousand  ft.  B.  M. 

Erection  of  Tubular  Piers. — The  cost  of  setting  tubular  piers  will 
depend  upon  the  conditions.  Tubes  36  inches  in  diameter  and  20  ft, 
long  have  been  set  in  favorable  locations  for  $25.00  per  pair,  not  includ- 
ing the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is,  how- 
ever, not  safe  to  estimate  the  cost  of  setting  tubes  from  36  to  48  inches 
in  diameter  under  even  favorable  conditions  at  less  than  $2.00  per  lineal 
foot  of  tube.  When  the  cost  of  setting  tubes  is  estimated  by  weight,  it 
should  be  figured  at  from  $10.00  to  $20.00  per  ton,  for  ordinary  con- 
ditions. It  will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive 
piles  in  tubes,  in  addition  to  the  cost  of  the  piles,  which  will. vary  from 
10  to  20  cts.  per  lineal  foot.  For  methods  of  erecting  steel  tubular 
piers,  see  Chapter  XV. 
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Placing  and  Bolting. — The  cost  of  placing  and  bolting  up  riveted 
spans,  and  erecting  pin-connected  spans,  no  rivets  being  driven,  is  about 
as  follows: 

Spans  from  30  to    60  ft $12.00  to  $15.00  per  ton, 

"  60  to  100  ft 10.00  to     12.00       " 

"  100  to  150  ft 9.00  to     10.00       " 

"  150  ft.  and  up 8.00  " 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  vary 
from  7  to  12  cts.  per  rivet,  while  the  cost  of  driving  rivets  in  riveted 
trusses  will  vary  from  6  to  10  cts.  per  rivet.  The  number  of  rivets  in 
riveted  low  trusses  depends  upon  the  number  of  panels  and  the  style  of 
details,  and  will  be  about  155  to  200  for  a  three-panel  bridge,  and  400 
to  500  for  a  six-panel  bridge.  The  number  of  rivets  in  a  through 
riveted  highway  bridge  will  be  about  250  to  300  for  a  four-panel  bridge 
and  1,300  to  1,500  for  a  nine-panel  bridge.  Pin-connected  bridges  ordi- 
narily have  about  i  as  many  field  rivets  as  a  riveted  bridge  of  similar 
dimensions. 

Cost  of  Erecting  Combination  Bridges. — Mr.  O.  E.  Peppard,  Mis- 
soula, Montana,  who  has  had  a  wide  experience,  gives  the  following  as 
average  costs  for  erecting  combination  bridges  of  100-  to  200- ft.  span, 
labor  being  estimated  at  $3.00  per  day  of  10  hours :  Falsework,  30  to 
50  cts.  per  lineal  foot  of  span ;  erecting  the  lumber  in  the  span,  $10.00 
per  thousand  ft.  B.  M. ;  erecting  iron  and  steel  in  the  span,  $10.00  per 
ton;  erecting  timber  joist,  $3.00  per  thousand  ft.  B.  M. ;  painting  the 
timber,  $2.00  per  thousand  ft.  B.  M.;  painting  the  iron  and  steel,  $2.00 
per  ton. 

Mr.  Peppard  gives  the  cost  of  erecting  a  200-ft.  span  combination 
highway  bridge  with  i6-ft.  roadway,  designed  for  a  live  load  of  800 
lbs.  per  lineal  foot  of  span,  as  follows : 

Placing  the  falsework,  200  lineal  foot  @  50  cts $100.00 

Erecting  the  timber  in  the  span,  16,200  ft.  B.  M.  @  $10.00. . . .  162.00 

Erecting  the  iron  and  steel  in  span,  14.65  tons  @  $10.00 146.50 

Erecting  joists  and  flooring,  16,500  ft.  B.  M.  @  $3.00 49-50 

Painting  timber  in  trusses  and  fence,  16,200  ft.  B.  M.  @  $2.00  32.40 

Painting  steel  and  iron,  14.65  tons  @  $2.00 29.30 

Transportation  of  men  and  tools 50.00 

Depreciation  and  interest  on  tools 30.00 

Total  cost  of  erection $599-70 
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COST  OF  PAINTING.— The  amount  of  materials  required  to 
make  a  gallon  of  paint  and  the  surface  of  steel  work  covered  by  one 
gallon  are  given  in  Table  LXVIII.  Steel  bridges  should  be  painted 
with  one  coat  of  linseed  oil,  linseed  oil  with  lampblack  filler,  or  red 
lead  paint  at  the  shop;  and  two  coats  of  first-class  paint  after  erection. 
The  two  field  coats  should  be  of  different  colors;  care  being  used  to 
see  that  first  coat  is  thoroughly  dry  before  applying  the  second  coat. 
Steel  bridges  ordinarily  need  repainting  every  three  or  four  years. 

TABLE  LXVIII. 
Average  Surface  Covered  per  Gallon  of  Paint. 


Volume  of  Oil. 

Pounds  op 
Pigment. 

Volume  and 
Weight  of  Paint. 

Square  Feet. 

A  A&rll^s 

I  Coat.       a  Coacs. 

Iron  oxide  (powdered).... 
Iron  oxide  (ground  in  oil). 

Red  lead  (powdered) 

White  lead  ( ground  in  oil). 
Graphite  (ground  in  oil)... 

Black  asphalt 

Linseed  oil  (no  pigment). 

I  gal. 

I     "(turp.) 

T 

8.00 

24.75 
22.40 

25.00 

12.50 

17.50 

Gals.        Lbs. 
1.2        16.00 

2.6  —  32.75 

1.4  —  30.40 

1.7  —  33.00 
2.0  —  20.50 
4.0       30.00 

600 
630 
630 
500 
630 

515 
875 

350 

375 

375 
300 

350 
310 

Light  structural  work  will  average  about  250  square  feet,  and  heavy 
structural  work  about  150  square  feet  of  surface  per  net  ton  of  metal, 
while  No.  20  corrugated  steel  has  2,400  square  feet  of  surface. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first 
coat  and  f  gallon  for  the  second  coat  per  ton  of  structural  steel,  for 
average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Qiicago  are 
(1908)  about  as  follows:  Linseed  oil,  50  to  60  cents  per  gal.;  iron 
oxide,  I  to  2  cents  per  lb. ;  red  lead,  7  to  8  cents  per  lb. ;  white  lead,  6  to 
7  cents  per  lb. ;  graphite,  6  to  10  cents  per  lb. 

A  good  painter  should  paint  1,200  to  1,500  square  feet  of  plate  sur- 
face or  corrugated  steel  or  300  to  500  square  feet  of  structural  steel 
work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  mixed  with 
30  lbs.  of  lead  to  the  gallon  of  oil  will  take  fully  twice  as  long  to  apply 
as  a  graphite  paint  or  linseed  oil. 

The  amount  of  paint  and  the  cost  of  labor  in  painting  highway 
bridges,  as  computed  by  the  Youngstown  Bridge  Co.,  are  given  in  Table 
LXIX.  A  common  rule  has  been  to  ship  one  gallon  of  paint  for  each 
10  feet  of  bridge  for  each  field  coat. 
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For  additional  information  on  paints  and  painting,  see  "  The  Design 
of  Steel  Mil]  Buildings,"  Chapter  XXVII. 


TABLE  LXIX. 
Amount  of  Paint  in  Gallons  and  Cost  of  Labor  i 


Painting  Highway 
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COST  OF  MASONRY  ABUTMENTS  AND  PIERS.— The 
cost  of  masonry  abutments  and  piers  varies  between  wide  limits, 
depending  upon  the  cost  of  stone,  cost  of  quarrying,  cost  of  dressing, 
cost  of  laying,  cost  of  mortar,  cost  of  superintendence,  cost  of  tools, 
cost  of  maintenance  and  depreciation  of  plant.  Space  will  not  permit 
a  discussion  of  all  the  above  items. 

Cost  of  Stone. — The  price  of  stone  is  usually  quoted  f,  o.  b.  at  the 
quarry,  and  varies  with  the  stone  and  location. 

Cost  of  Quarrying. — After  the  quarry  has  been  opened  in  limestone, 
two-man  stone  for  rubble  wall  can  usually  be  quarried  for  from  i  to  J 
the  cost  of  the  daily  wages  of  a  quarry  laborer  per  cii.  yd.  Stones 
ranging  from  ^  to  i  cu.  yd.,  that  have  to  be  blasted,  will  cost  per  cu. 
yd.  from  i  to  2  times  the  cost  of  the  daily  wages  of  one  man.  Dimen- 
sion stones  that  have  to  be  wedged  out  will  cost  twice  as  much  as  the 
large  stones  that  can  be  blasted.  This  estimate  is  high  for  sandstone 
and  low  for  granite. 

Cost  of  Dressing. — Rubble  is  roughly  scabbled  when  it  is  laid  and 
there  is  no  special  charge  for  dressing.     Dimension  stones,  if  dressed 
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to  lay  with  quarry  finish  and  fairly  close  joints,  will  cost  from  $i.oo  to 
$3.00  per  cu.  yd.     Bush-hammering  costs  about  25  cents  per  sq.  ft. 

Cost  of  Laying, — One  mason  and  a  helper  can  lay  from  4  to  5  cu. 
yds.  of  small  rubble  in  a  day  of  8  hours.  If  a  derrick  is  necessary  and 
some  dressing  required,  one  mason  and  a  helper  will  lay  only  from  2 
to  3  cu.  yds.  of  heavy  rubble  or  i  J  to  2  cu.  yds.  of  dimension  stone  in 
a  day  of  8  hours. 

Cost  of  Mortar, — The  amount  of  mortar  required  varies  with  the 
specifications  and  the  stone  used.  Rubble  masonry  is  from  20  to  35 
per  cent  mortar.  Dimension  stone  masonry  is  from  10  to  15  per  cent 
mortar.  Knowing  the  cost  of  cement  and  sand,  the  cost  of  the  mortar 
can  be  estimated. 

Miscellaneous  Costs, — The  cost  of  superintendence,  tools,  mainte- 
nance and  depreciation  of  plant,  etc.,  can  only  be  estimated  on  the 
particular  work.  These  costs  may  vary  from  5  to  20  per  cent  of  the 
cost  above. 

COST  OF  REINFORCED  CONCRETE  ABUTMENTS  AND 
PIERS. — The  cost  of  reinforced  concrete  may  be  divided  into  cost  of 
cement,  cost  of  sand,  cost  of  broken  stone,  cost  of  forms,  cost  of  laying, 
cost  of  reinforcement,  cost  of  superintending,  etc. 

TABLE  LXX  * 

Ingredients  in  i  Cubic  Yard  of  Concrete:  Sand  Voids,  40  Per  Cent;  Stone 

Voids,  45  Per  Cent;  Portland  Cement,  Barrel  Yielding  3.65 

Cu.  Ft.  Paste.    Barrel  Specified  to  be  3.8  Cu.  Ft. 


Proportions  by  Volume. 

1:2:4 

1:9:5 

1 :9:6  • 

i:«54:5 

Barrels    Cement   per  cubic  yard   Concrete 

Cubic  yards  Sand    "        *'         "            "      

Cubic  yards  Stone  "       *'        "            «*      

1.46 
0.41 
0.82 

1.30 
0.36 

0.90 

I.18 

0.33 
1. 00 

I.13 
0.40 

0.80 

Proportions  by  Volumb. 

iia%;6 

1:3:4 

^'3-5 

1:3:6 

Barrels  Cement  per  cubic  yard   Concrete 

Cubic  yards  Sand    "        **         **             "       

Cubic  yards  Stone  ' "      

I. GO 

0.35 
0.84 

1.25 
0.53 

0.71 

I.I3 

048 
0.80 

1.05 

0.44 
0.88 

Proportions  by  Volume. 

X  13:7 

1:4:7 

1:4:8 

1:4:9 

Barrels   Cement  per  cubic  yard   Concrete 

Cubic  yards  Sand   *«        "        *'            **      

Cubic  yards  Stone  "        "         "            "       

0.96 
0.40 

0-93 

0.82 

0.46 
0.80 

0.77 

0.43 

0.80 

0.73 
0.41 

0.92 

Cement  is  to  be  measured  packed  in  the  barrel. 
*  From  Gillette's  "  Cost  Data,"  p.  255. 
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Ingredients  in  Concrete, — With  sand  voids  40  per  cent,  stone  voids 
45  per  cent,  and  a  Portland  cement  barrel  holding  3.8  cu.  It.,  Gillette 
gives  relative  quantities  of  cement,  sand  and  broken  stone  as  in  Table 
LXX.  The  cement  is  measured  packed  in  the  barrel.  The  quantities 
for  other  percentages  of  voids  differ  considerably.  If  the  cement  is 
measured  loose  the  quantities  of  sand  and  stone  are  practically  the  same, 
but  the  amount  of  cement  is  reduced  from  10  to  15  per  cent. 

Cost  of  Materials. — The  cost  of  concrete  materials  varies  with  the 
location  and  must  be  obtained  before  preparing  an  estimate  of  cost. 
Portland  cement  (1908)  costs  about  $1.25  per  barrel  f.  o.  b.  works; 
sand  can  usually  be  obtained  delivered  on  wagons  at  $0.75  to  $1.00  per 
cu.  yd.;  broken  stone  can  usually  be  obtained  at  $1.00  to  $1.50  per 
cu.  yd.  f.  o.  b.  crusher. 

Cost  of  Forms. — The  cost  of  the  timber  for  forms  should  be  obtained 
locally.  Lumber  can  be  used  several  times,  commonly  from  3  to  5  times 
where  forms  are  torn  down  each  time,  and  almost  indefinitely  where 
forms  can  be  used  without  change;  so  that  the  first  cost  of  lumber 
should  be  distributed  over  all  the  concrete  laid  with  the  forms.  The 
amount  of  lumber  per  cubic  yard  varies  with  the  type  of  wall,  being 
very  much  greater  for  reinforced  than  for  plain  walls.  A  carpenter 
and  a  helper  should  be  able  to  place  one  M  ft.  B.  M.  in  two  days  of  8 
hours  each,  making  the  cost  from  $6  to  $8  per  M  ft.  B.  M. 

Cost  of  Mixing  and  Placing. — With  men  at  $1.50  per  day  and  a 
foreman  at  $3.00  per  day,  concrete  should  be  mixed  and  rammed  into 
place  for  from  $0.75  to  $1.25  per  cu.  yd. .  If  the  reinforcement  is  trou- 
blesome or  the  wall  narrow  the  cost  may  be  higher.  This  does  not 
include  facing  which  will  cost  more.  If  machine  mixers  are  used  the 
cost  is  less  on  large  work. 

The  following  is  an  approximate  estimate  for  concrete  abutments 
containing  300  cu.  yds.,  the  concrete  being  mixed  by  hand : 

1.05  bbls.  Portland  cement  @  $2.50 $2,625 

0.40  cu.  yd.  sand  @  $1.00 0.40 

0.90  cu.  yd.  stone  @  $1.^5 1.125 

Labor  mixing  and  placing  concrete i.oo 

Lumber  for  forms  @  $20.00  per  M * 80 

Labor  on  forms  @  $8.00  per  M 28 

Total  per  cu*.  yd $6,230 
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TABLE  LXXL 

Cost  of  Co'ncrete  Abutments  for  i8  Steel  Highway  Bridges  on  the  Ilunois 

AND  Mississippi  Canal. 


Excavation. 

Back- 
filling. 

Natural 

C&MBNT 

Concretb. 

Portland 

Cbmbnt 
Concretb. 

Slops 
Paving. 

Piles 
Dkivbn. 

Cubic 
Yards. 

Cents. 

Cubic 
Yarda. 

Cents. 

Cubic 
Yards. 

Dollars 

Cubic 
Yards. 

Dollars 

Cubic 
Yards 

Dollars 

Linear 
Feet 

768 
768 
768 

1 
Cents. 

Highest  cost. 
Lowest  cost. 
Average  cost 

II7.0 

574.3 
550.0 

36 
21 
26 

200 

979 
600 

26 

18K 
20 

252 

947 
200 

6.54 

4.98 
6.0Q 

248 
248 
248 

8.86 
6.96 
8.00 

340 
340 
320 

2.39 
1.82 

2.10 

63 

42 

50 

The  highest,  lowest  and  average  costs  for  building  the  concrete 
abutments  on  the  Illinois  and  Mississippi  Canal  are  given  in  Table 
LXXL 

ESTIMATED  COST  OF  A  RIVETED  TRUSS  HIGHWAY 
BRIDGE. — A  detailed  estimate  will  be  made  of  a  iii'  6"  riveted  Pratt 
steel  highway  bridge  over  the  Illinois  and  Mississippi  Canal,  the  detail 
shop  plans  of  which  are  given  in  Figs.  162  and  163. 

Cost  of  Material. — The  cost  of  the  steel  will  be  estimated  at  the 
mill  at  Pittsburg,  Pa. 

Bridge,  Exclusive  of  Joists  and  Fence, — The  bridge  is  composed  of 
beams,  angles,  bars,  plates  and  pin  rounds  as  given  in  the  following 
table : 


Shapb. 

Weight, 
Pounds. 

Per  Cent  of 
Total  Weight. 

Cost  Per 
Pound,  Cents. 

Percentage  of 

Pound   Cost, 

Cents. 

Beams  and  Channels 

Angles  y^  and  under 

Ancfles  over  V 

22,278 

15,779 
1,021 

11,585 
6,222 

506 

39 
27 

2 
20 
II 

I 

1.70 
1.70 
1.60 
1.60 
1.60 
2.00 

0.663 

0.459 
0.032 

0.320 

0.176 

0.020 

Bars 

Plates  

Pin  Rounds 

Total 

57,393 

100 

1.670 

The  average  cost  of  the  steel  at  the  mill 1.670  cts.  per  lb. 

Waste  in  fabrication,  4  per  cent 0.067 

Paint  material o.oio 

Freight,  Pittsburg  to  Chicago 0.165 


<< 


(( 


« 


(( 


f( 


€i 


Average  cost  of  the  steel  at  the  shop 1.912 


€€ 


€< 


(<        « 


<<  t€ 
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u 


ESTIMATE   OF   COST   OF   A    HIGHWAY   BRIDGE.  425 

Joists. — The  joists,  end  struts  and  hub  guards  (fence)  will  take  the 
rate  of  1.70  cts.  per  lb.  at  the  mill. 

The  average  cost  of  the  steel  at  the  mill 1.700  cts.  per  lb. 

Waste  in  fabrication,  2  per  cent 0.034        "     " 

Paint  material o.oio        "     " 

Freight,  Pittsburg  to  Chicago 0.165 

Average  cost  of  the  steel  at  the  shop 1.909 

Shop   Cost  of  the  Steel   in  the  Bridge,   Exclusive  of  Fence, 
Joists,  etc. — 

Average  cost  of  steel  at  the  shop 1.912  cts.  per  lb. 

Shop  cost,  including  drafting 0.750        "     " 

Total  shop  cost 2.662 

Freight,  shop  to  railroad  station  near  site o.ioo 

Total  cost  at  railroad  station 2.762        " 

Shop  Costs  of  Joists,  Fence  and  End  Struts. — 

Average  cost  of  the  steel  at  the  shop 1.909  cts.  per  lb. 

Shop  cost,  including  drafting 0.250 

Total  shop  cost 2. 159 

Freight,  shop  to  railroad  station  near  site o.ioo        "     " 

Total  cost  at  railroad  station 2.259        "     " 

Erection. — 

Hauling  43  tons  4  miles,  @  25  cts.  per  ton  mile  for  hauling  and 

50  cts.  per  ton  for  loading  and  unloading $  64.50 

Falsework. — Twenty  piles  35  ft.  long  @  15  cts.  per  ft 105.00 

Driving  525  lin.  ft.  piling  @  25  cts 131-25 

Timber,  6,000  ft.  B.  M. — J  price — @  $12.00 72.00 

Placing  timber,  6,000  ft.  B.  M.  @  $8.00 48.00 

Labor  erecting  and  bolting  the  steel,  30  days,  labor  @  $4.00. . .  120.00 

Transportation  of  men  and  tools 60.00 

Driving  1,500  field  rivets  @  10  cts 150.00 

Labor,  painting  bridge  2  coats,  10  days  @  $4.00 40.00 

Labor,  erecting  floor  lumber,  12,000  ft.  B.  M.  @  $4.00 48.00 

Total  cost  of  erection $838.75 

Summary  of  Cost  of  Superstructure. — 

Steel,  57,393  lbs.  @  2.762  cts.  per  lb $1,685.10 

Joists,  fence,  etc.,  26,713  lbs.  @  2.259  ^^s 603.45 
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Lumber — yellow  pine,  5,7x5  ft.  B.  M.  @  $25.00 $   142.87 

Lumber — oak  plank,  6,540  ft.  B.  M.  @  $32.00 209.28 

Paint,  20  gallons  @  $1.25  per  gallon 25.00 

Bolts  for  the  floor,  400  lbs.  @  3  cts 12.00 

Spikes  for  the  floor,  400  lbs.  @  3  cts 12.00 

Cost  of  erection 838.75 

Total  cost  of  the  superstructure $3,528.45 

Contract  Price. — 

Steel  in  place,  84,106  lbs.  @  4  cts.  per  lb $3,364.24 

Yellow  pine  in  place,  5,715  ft.  B.  M.  @  $36.00 205.74 

Oak  timber  in  place,  6,540  ft.  B.  M.  @  $46.00 300.84 

Total  contract  price $3,870.82 

Profit  $   342.37 


CHAPTER   XX. 
General  Principles  of  Design  of  Highway  Bridges. 

The  Economic  Bridge. — The  most  economic  bridge  for  any  cross- 
ing is  that  one  which  in  the  long  run  will  give  the  best  service  and  cost 
the  least  money.  As  a  measure  of  the  cost  we  may  take  the  amount 
of  money  which  it  will  be  necessary  to  capitalize  in  order  that  the 
interest  will  pay  for  the  maintenance  and  repairs,  the  interest  on  the 
first  cost,  and  provide  a  sinking  fund  for  depreciation  so  that  the  bridge 
may  be  replaced  when  it  is  no  longer  fit  for  the  service  demanded.  The 
possible  life  of  any  particular  bridge  is  difficult  to  estimate.  Steel 
bridges,  if  properly  constructed,  should  last  from  25  to  40  years;  com- 
bination bridges  from  12  to  15  years;  timber  bridges  from  10  to  15 
years  (covered  Howe  truss  bridges  have  given  good  service  for  40  to 
50  years)  ;  while  masonry  and  reinforced  concrete  bridges  are  ordi- 
narily considered  as  permanent  structures.  Timber  floors  must  be 
replaced  in  from  3  to  5  years,  and  steel  bridges  should  be  painted  every 
3  to  4  years.  Many  steel  bridges  have  proved  to  be  too  light  for  electric 
railways  and  other  service  and  have  had  to  be  replaced  before  the 
bridge  was  worn  out. 

From  the  foregoing  discussion  it  will  be  seen  that  the  first  cost  of 
a  bridge  is  not  a  safe  criterion  upon  which  to  base  economy.  Much 
money  is  wasted  by  putting  in  cheap,  flimsy  bridges  which  are  short- 
lived, unsatisfactory  and  are  continually  in  need  of  repairs.  The  fol- 
lowing discussion  will  be  of  assistance  in  determining  the  most  economic 
number  of  spans  for  a  given  crossing. 

Experience  and  theoretical  investigations  have  shown  that  the  most 
economical  number  of  spans  for  a  given  crossing  occurs  where  the  cost 
of  the  superstructure  is  equal  to  the  cost  of  the  substructure.  Where 
the  bridge  is  built  across  a  shallow  stream  in  which  the  piers  can  be 
placed  at  any  point  with  equal  ease,  this  will  give  all  spans  of  equal 
length.  This  case  does  not  often  occur  in  practice.  With  a  deep  channel 
in  which  the  piers  are  relatively  expensive,  the  channel  spans  are  made 
longer  than  the  shore  spans.  Where  there  is  a  single  span  there  will 
be  two  abutments ;  where  there  are  two  spans  there  will  be  two  abut- 
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ments  and  one  pier;  where  there  are  three  spans  there  will  be  two 
abutments  and  two  piers,  etc.  It  will  be  seen  that  where  two  or  three 
spans  are  used  in  a  crossing  the  spans  should  be  shorter  than  where  a 
single  span  is  used. 

The  author  has  solved  this  problem  in  practice  by  trial,  using  tables 
of  weights  of  bridges  and  estimated  costs  of  substructure.  It  should 
be  remembered  in  this  connection  that  local  conditions  often  determine 
the  number  and  lengths  of  the  spans  so  that  the  criterion  is  not  always 
applicable;  for  example,  the  bottoms  of  the  streams  flowing  into  the 
Missouri  River  wash  so  that  it  is  very  risky  to  put  a  pier  in  the  stream; 
the  main  span  must  then  entirely  clear  the  channel. 

As  an  example  it  is  required  to  determine  the  most  economic  number 
of  spans  for  a  Pratt  pin-connected  highway  bridge  on  masonry  abut- 
ments and  piers,  to  cross  a  shallow  stream  300  feet  wide,  requiring 
abutments  and  piers  30  feet  high.  The  bridge  is  to  be  designed  for  a 
live  load  of  1,200  lbs.  per  lineal  foot  of  bridge,  the  roadway  is  to  be 
20  ft.  in  the  clear.  It  will  be  assumed  that  masonry  costs  $10.00  per 
cu.  yd.  in  place,  lumber  $30.00  per  M  in  place,  and  the  steel  in  the 
bridge  costs  4  cts.  per  lb. 

An  estimate  of  the  cost  of  three  loo-ft.  spans,  two  iso-ft  spans, 
and  one  300- ft.  span  will  be  calculated.  From  Table  XLVI  the  abut- 
ments for  a  lOO-ft.  span  will  contain  206  cu.  yds.,  while  the  wings  will 
be  estimated  at  94  cu.  yds.  per  abutment,  or  a  total  of  300  cu.  yds.  per 
abutment.  The  abutments  for  the  300-ft.  span  will  contain  330  cu. 
yds.,  and  the  abutments  for  the  150- ft.  span  may  be  directly  inter- 
polated. From  Table  L  the  piers  for  lOO-ft.  spans  will  contain  136  cu. 
yds.,  while  the  piers  for  the  150-ft.  spans  will  contain  157  cu  yds. 

The  steel  in  a  100- ft.  span  with  6  panels,  from  Fig.  40,  will  weigh : 
trusses  =  13,000  lbs.;  Fig.  35,  floorbeams=  1.300  X  7  =  9,ioo  lbs.; 
Fig.  36,  laterals  =  250  X  20  =  5,000  lbs.  The  total  weight  of  steel  in 
the  bridge  exclusive  of  joists  =  27,100  lbs.  The  weight  of  the  joists 
from  Table  VIII  =  15,350  lbs.  The  total  weight  of  the  steel  in  one 
span  =  42,450  lbs. 

The  steel  in  a  150-ft.  truss  with  9  panels,  from  Fig.  40,  will  weigh: 
trusses  =  32,000  lbs.;  Fig.  35,  floorbeams=  1,300  X 9=  11,700  lbs.; 
Fig-  36,  laterals  =  550X20  =11,000  lbs.  The  total  weight  of  the 
steel  in  the  bridge  exclusive  of  joists  =  54,700  lbs.  The  weight  of  the 
joists  from  Table  VIII  =:  23,025  lbs.  The  total  weight  of  the  steel  in 
one  span  =  77,725  lbs. 

The  steel  in  a  300-ft.  span  Petit  truss  bridge  with  14  panels  is: 
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trusses,  from  Fig.  41  =  130,000  lbs. ;  from  Fig.  35,  floorbeams=  1,600 
X  15=^24,000  lbs.;  from  Fig.  36,  laterals=  1,400  X  20  =  28,000  lbs. 
The  total  weight  of  the  steel  in  the  span  exclusive  of  the  joists  =  182,000 
lbs.  The  weight  of  the  joists  from  Table  VIII  =  46,500  lbs.  The 
total  weight  of  the  steel  in  one  span  =  228,500  lbs. 

With  3  inch  plank  in  the  floor,  three  4"  X  6"  spiking  pieces,  two 
4"  X  6"  felloe  guards  and  a  wooden  fence  there  will  be  80  ft.  B.  M. 
per  lineal  foot  of  bridge,  or  24,000  ft.  B.  M.  in  the  bridge. 

Cost  of  three  100- ft.  spans: 

Two  abutments,  600  cu.  yds.  @  $10.00 $6,000.00 

Two  piers,  272  cu.  yds.  @  $10.00 2,720.00 

Total  cost  of  substructure $  8,720.00 

Cost  of  steel,  3  X  42,450  lbs.  @  4  cts 5,094.00 

Cost  of  lumber,  24,000  ft.  B.  M.  @  $30.00 720.00 

Total  cost  of  superstructure 5,814.00 

Total  cost  of  bridge $14,534.00 

Cost  of  two  1 50- ft.  spans : 

Two  abutments,  620  cu.  yds.  @  $10.00 $6,200.00 

One  pier,  157  cu.  yds.  @  $10.00 1,570.00 

Total  cost  of  substructure $  7,770.00 

Cost  of  steel,  2  X  77,725  lbs.  @  4  cts 6,218.00 

Cost  of  lumber,  24,000  ft.  B.  M.  @  $30.00 720.00 

Total  cost  of  superstructure 6,938.00 

Total  cost  of  the  bridge $14,708.00 

Cost  of  one  300- ft.  span : 

Two  abutments,  660  cu.  yds.  @  $10.00 $6,600.00 

Cost  of  steel,  228,500  lbs.  @  4  cts 9,140.00 

Cost  of  lumber,  24,000  ft.  B.  M.  @  $30.00 720.00 

Total  cost  of  bridge $16,360.00 

It  will  be  seen  that  for  the  given  conditions  the  most  economical 
crossing  is  with  the  three  100  ft.  spans.  With  masonry  at  $15.00  per 
cu.  yd.  in  place,  the  costs  will  be:  three  100- ft.  spans,  $18,994.00;  two 
150- ft.  spans,  $18,593.00;  one  300- ft.  span,  $19,760.00. 

Riveted  vs.  Pin-connected  Truss  Bridges. — Riveted  bridges  should 
be  used  for  all  low  truss  bridges  and  preferably  for  high  truss  spans 
up  to  spans  of,  say,  150  feet.     Spans  longer  than  150  feet  should  be 


V 


430  GENERAL   PRINCIPLES   OF  DESIGN   OF    HIGHWAY   BRIDGES. 

pin-connected  and  all  high  truss  spans  may  be  pin-connected.  Pin- 
connected  high  truss  bridges  should  never  be  built  with  less  than  5 
panels,  for  the  reason  that  it  is  practically  impossible  to  counter-brace 
Pratt  trusses  with  less  than  this  number  of  panels.  Riveted  low  trusses 
cost  practically  the  same  as  pin-connected  low  truss  bridges,  while 
riveted  high  truss  bridges  usually  cost  slightly  more  than  pin-connected 
bridges  having  the  same  capacity  and  dimensions.  Riveted  bridges  are 
usually  more  rigid  than  pin-connected  bridges. 

Preliminary  Plans. — The  preliminary  plans  of  bridges  may  consist 
(i)  of  a  stress  diagram  showing  the  stresses,  dimensions  and  sizes 
of  the  principal  members  of  the  bridge,  and  also  standard  specifications 
as  given  in  Appendix  I;  (2)  of  detail  plans  which  show  the  make-up 
of  all  the  members  together  with  the  maximum  and  minimum  spacing 
of  the  rivets,  thickness  and  sizes  of  plates,  lacing  bars,  etc.,  and  also 
standard  specifications;  and  (3)  of  completely  detailed  shop  plans  and 
specifications.  When  properly  carried  out  all  of  the  methods  will  give 
satisfactory  results.  Ordinarily  the  customer  cannot  understand  the 
details  of  the  bridge  from  a  study  of  the  stress  diagram  and  finds  the 
second  and  third  methods  much  more  satisfactory.  It  is  seldom  profi- 
table to  prepare  shop  plans  until  after  the  order  for  the  bridge  has  been 
placed  in  the  shop,  and  requisitions  have  been  made  for  the  material. 
On  the  whole,  the  method  of  preparing  the  preliminary  plans,  as 
described  in  (2),  is  the  most  satisfactory.  This  makes  it  possible  to 
specify  exactly  the  details  of  the  sections  and  at  the  same  time  permits 
the  bridge  shop  to  follow  its  own  methods  wherever  possible.  The 
shop  practice  in  different  shops  differs  so  much  that  it  is  ordinarily 
cheaper  for  the  bridge  company  to  prepare  its  own  shop  plans  than 
to  follow  shop  plans  that  have  been  prepared  by  engineers  that  are  not 
familiar  with  the  particular  shop. 

Bridge  Lettings. — The  contracts  for  building  highway  bridges  are 
ordinarily  let  by  county  commissioners,  county  surveyors  or  other 
county  officers.  In  a  few  states  contracts  for  building  bridges  are  let 
by  state  or  highway  engineers.  The  common  method  of  awarding 
contracts  for  highway  bridges  has  been  about  as  follows :  Three  or  four 
weeks  before  the  date  set  for  the  bridge  letting  the  county  clerk  or  other 
officer  advertises  that  bids  will  be  received  up  to  a  certain  hour  for 
building  a  certain  bridge  or  bridges,  and  that  the  bids  will  then  be 
publicly  opened  and  the  contract  awarded.  The  main  dimensions  and 
the  capacity  only  are  ordinarily  specified  and  the  bidders  are  asked  to 


BRIDGE   CONTRACT.  431 

submit  their  own  plans  and  specifications.  When  the  various  bids  and 
plans  are  received  the  commissioners  are  entirely  at  a  loss  as  to  what 
is  the  best  thing  to  do,  and  the  result  is  that  either  the  contract  is  given 
to  the  lowest  bidder  on  a  very  poor  plan  or  is  given  to  a  favorite  bidder 
on  a  plan  that  results  in  a  worse  bridge.  This  loose  method  of  con- 
tracting  for  bridges  makes  it  practically  impossible  for  even  honest 
officials  to  procure  a  satisfactory  structure  and  opens  up  the  way  for 
dishonest  officials  and  contractors  to  arrange  a  deal  whereby  the  public 
comes  out  second  best.  It  also  makes  it  possible  for  the  contractors 
to  "  pool "  so  that  the  bridge  contract  will  go  to  a  member  of  the  pool 
at  an  agreed  price.  The  county  surveyor  or  local  engineer  is  ordinarily 
not  much  better  posted  on  the  merits  of  the  bids  and  plans  than  the 
commissioners  and  their  participation  in  the  letting  does  not  ordinarily 
improve  matters. 

The  practice  of  "bridge  pooling"  is  disreputable  and  has  worked 
to  the  disadvantage  of  both  the  public  and  of  reputable  bridge  com- 
panies. It  has  made  it  possible  for  "  fake  bridge  companies  "  to  exist 
and  also  for  crooked  public  officials  to  receive  part  of  the  profits  of  the 
transaction.     It  has  uniformly  resulted  in  high  prices  and  poor  bridges. 

Before  advertising  for  bids  the  matter  of  the  design  of  the  bridge 
or  bridges  should  be  placed  in  the  hands  of  a  competent  consulting 
bridge  engineer.  Detail  plans  and  specifications  should  be  prepared  , 
and  an  estimate  of  the  probable  cost  submitted  to  the  officials.  All  bids 
should  then  be  received  on  the  official  plans  and  specifications.  If  the 
bids  are  too  high  they  should  all  be  rejected  and  the  work  readvertised 
on  the  same  or  on  revised  plans.  The  bridge  contractor  takes  a  con- 
siderable risk  and  is  entitled  to  a  good  legitimate  profit,  and  the  engi- 
neer should  add  15  to  20  per  cent  for  profit  to  his  estimated  cost.  No  v 
work  should  be  done  at  the  shop  until  after  the  shop  plans  have  been 
checked  and  approved  by  the  consulting  engineer.  The  shop,  field  and 
final  inspection  should  be  in  the  hands  of  the  consulting  engineer. 
This  method  will  meet  the  approval  of  all  legitimate  bridge  companies, 
and  will  result  in  better  bridges  at  a  cost  less  than  that  of  the  present 
miserable  structures. 

Contract. — After  the  contract  has  been  awarded  the  contract  should 
be  drawn  up  and  signed,  and  an  indemnity  bond  should  be  furnished 
by  a  good  surety  company.  Sample  contract  and  bond  forms  used  by 
the  author  follow: 
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BRIDGE   CONTRACT. 

Agreement  made  this day  of ,  19. .,  by  and  between 

,  a  corporation  of  the  State  of  ,  party  of  the 

first  part,  and ,  party  of  the  second  part. 

Witnesseth,  that  for  the  consideration  and  upon  the  terms  and  conditions 
hereinafter  provided,  the  party  of  the  first  part  agrees  to  furnish  all  material 
and  labor  therefor,  and  construct  and  erect  in  a  good  and  workmanlike  manner 

over  the called at  a  point 

where  the crosses  said in  the of ,  County 

of ,  and  State  of ,  according  to  the  attached  plans  and  speci- 

fication?  which  are  made  a  part  of  this  contract :  The  bridge  is  to  have 

spans ;  extreme  length  of  each  span, ;  space  between  the  face  of  abut- 
ments,   ;  roadway,  feet  clear ;  sidewalk,  feet  clear.    The 

abutments  to  be ;  the  piers  to  be 

It  is  further  agreed  that  the  said  first  party  shall  save  and  hold  said  second 
party  free  and  harmless  from  any  and  all  claims  for  damages  to  life,  limb  or 
property  occasioned  or  caused  by  said  first  party's  employees ;  and  from  all  claims 
for  materials  and  labor  furnished  on  this  contract. 

The  party  of  the  first  part  agrees  to  complete  the  work  herein  contracted 
for,  and  to  have  the  said  bridge  open  and  ready  for  travel  on  or  before  the 
day  of ,  19... 

The  party  of  the  second  part  agrees  to  pay  the  party  of  the  first  part  for 

said  bridge  the  sum  of in  cash,  as  follows : per  cent 

upon  the  delivery  by  the  party  of  the  first  part  of  the  steel  and  other  material 
on  the  bridge  site  for  said  bridge,  per  cent  additional  upon  the  com- 
pletion of  the  erection  of  the  different  parts  of  the  bridge,  and  the  remaining 

per  cent  upon  the   completion   and   acceptance   of  the  bridge   by   the 

consulting  engineer  of  the  second  party.  Estimates  of  material  delivered  and 
work  done  shall  be  made  by  the  consulting  engineer  not  later  than  the  5th  day 
of  the  month  for  all  material  delivered  or  work  done  during  the  preceding 
month,  and  the  payment  will  be  made  on  or  before  the  15th  of  the  month  for 
the  material  delivered  and  work  done  the  preceding  month. 

It  is  further  stipulated  and  agreed  that  the  party  of  the  first  part  shall  fur- 
nish to  the  party  of  the  second  part  an  indemnity  bond  in  an  approved  surety 
company  in  the  sum  of dollars. 

It  is  further  stipulated  and  agreed  that  for  the  failure  of  the  first  party  to 

complete  the  bridge  as  stipulated  the  said  first  party  shall  forfeit dollars 

for  each  working  day  until  the  bridge  is  completed.  This  sum  to  be  considered 
as  liquidated  damages,  and  not  as  a  penalty. 

(It  is  further  stipulated  and  agreed  that  the  party  of  the  first  part  shall  not 
be  held  responsible  for  delays  in  delivery  of  material  from  the  rolling  mills,  nor 
delays  in  transportation,  nor  for  delays  occasioned  by  strikes,  fires,  floods,  storms, 
or  other  circumstances  beyond  its  control,  but  may  be  granted  an  extension  of 
time  as  may  be  determined  by  the  consulting  engineer  of  the  second  party.) 

In  Witness  Whereof,  the  said  parties  to  this  agreement  hereunto  set  their 
hands  and  seals  as  of  the  day  and  year  first  above  written. 

First  Party. 

Second  Party. 
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BOND. 


Know  all  Men  by  These  Presents,  that ,  as  party  of 

the  first  part,  and  the ,  a  corporation  organized  and  existing 

under  the  laws  of  the  State  of as  Surety,  are  held  and  firmly  bound 

unto  the ,  party  of  the  second  part,  its  successors  and  assigns, 

in  the  sum  of dollars,  lawful  money  of  the  United  States,  to  the 

payment  of  which  sum  well  and  truly  to  be  made  the  said  first  party  and  the 
said  Surety  do  hereby  bind  themselves,  their  heirs,  executors,  administrators, 
successors  and  assigns,  jointly  and  severally,  firmly  by  these  presents. 

Signed,  Sealed,  Dated  and  Delivered,  this day  of ,  19. . . 

WHEREAS,  the  said  party  of  the  first  part  has  entered  into  a  certain  con- 
tract with  the ,  dated ,  19. .,  for 


which  contract  is  hereto  attached  and  made  a  part  hereof,  and  for  a  fuller 
description  thereof  reference  is  made  to  said  contract: 

NOW,  THEREFORE,  THE  CONDITION  OF  THIS  OBLIGATION  IS 
SUCH,  that  if  the  said  party  of  the  first  part  shall  and  does  pay  as  they  become 
due,  all  just  claims  for  all  work  and  labor  performed  and  all  skill  and  material 
furnished  in  the  execution  of  such  contract,  and,  also,  shall  save  the  party  of  the 
second  part  named  in  this  bond  harmless  from  any  cost,  charge  and  expense  that 
may  accrue  on  account  of  the  doing  of  the  work  specified  in  such  contract 
according  to  the  terms  thereof  and  the  contract  price  therein,  and  shall  comply 
with  all  the  requirements  of  the  law,  then  this  obligation  shall  be  void;  otherwise 
to  remain  in  full  force  and  effect. 

IN  TESTIMONY  WHEREOF,  We  have  hereunto  set  our  hands  and  seals, 

this day  of ,  19. .. 

Signed,  sealed  and  delivered 

in  the  presence  of 


Seal. 
Seal. 


State  of ) 

>  ss. 
County  of ) 

On  this day  of ,  19. .,  before  me,  a  Notary  Public  in  and 

for  the  County  and  State  aforesaid,  personally  came 

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that  he  resided  in 

;  that  he  is  the 

of  the 

the  corporation  described  in  and  which  executed  the  above  bond  as  party  of  the 
first  part;  that  he  knew  the  seal  of  said  corporation;  that  the  seal  affixed  to  said 
instrument  was  such  corporate  seal ;  that  it  was  so  aflixed  by  order  of  the  board 
of  directors  of  said  corporation  and  that  he  signed  his  name  thereto  by  like  order. 


Notary  Public. 
29 
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State  of | 

County  of J 

On  this  day  of ,  19..,  before  me,  a  Notary  Public  in 

and  for  the  County  and  State  aforesaid,  personally  came 

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that- he  resided 

in  ;  that  he  is  the 

of  the ,  the  corporation  described  in  and 

which  executed  the  above  bond  as  Surety ;  that  he  knew  the  seal  of  said  corpora- 
tion; that  the  seal  affixed  to  said  instrument  was  such  corporate  seal;  that  it 
was  so  affixed  by  order  of  the  board  of  directors  of  said  corporation  and  that 
he  signed  his  name  thereto  by  like  order. 


Notary  Public. 


PART   III. 

A  PROBLEM   IN   HIGHWAY   BRIDGE  DETAILS. 

Introduction. — The  best  way  for  the  student  to  become  familiar 
with  bridge  details  is  for  him  to  make  a  critical  investigation  of  an 
existing  structure.  The  problem  given  in  this  discussion  has  been 
used  by  the  author  in  his  classes  preliminary  to  a  course  in  bridge 
design.  The  problem  includes  the  calculation  of  the  weight,  the  cost 
and  the  efficiencies  of  the  members  of  a  i6o-ft.  pin-connected  Pratt 
highway  bridge.  The  shop  plans  of  the  bridge  are  shown  in  Fig.  285. 
This  bridge  has  been  selected  for  the  reason  that,  while  it  is  designed 
for  the  most  part  on  correct  lines,  it  has  at  the  same  time  most  of  the 
defects  that  are  liable  to  occur  in  a  highway  bridge.  These  errors  are 
criticised  and  the  proper  design  is  suggested. 
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(Title  page  of  Problem.) 

INVESTIGATION  OF  A  i6o'  o"  X  i6'  o"  HIGHWAY  BRIDGE 
OVER  THE  LICKING  RIVER,  NEAR  ORRICK,  MO. 


BUILT   BY 


A,  B.  C.  BRIDGE  COMPANY, 


Chicago,  Illinois. 


ORDER  7,530 


1906. 
Signed:  John  J.  Jones. 


UNIVERSITY  OF   COLORADO. 


1908. 


LOCATION   AND  GENERAL   DESCRIPTION   OF  BRIDGE. 
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Location  and  General  Description. — The  bridge  is  over  Licking 
River,  four  miles  from  Orrick,  Missouri,  and  was  erected  by  the 
A.  B.  C.  Bridge  Company  in  1906. 
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The  bridge  is  160'  o"  center  to  center  of  end  pins  and  has  a  clear 
roadway  of  16'  o",  as  shown  in  Fig.  284. 


CHAPTER   XXI. 

Calculation  of  Weight  and  Cost  of  a  i6o-ft.  Span  Pratt 

Highway  Bridge. 

It  is  assumed  that  the  shipping  weight  of  the  bridge  as  it  was 
shipped  from  the  bridge  shop  is  required.  The  weights  of  the  mem- 
bers in  the  order,  end-posts,  top  chords,  etc.,  are  calculated  in  detail. 
The  "  main  members  "  are  those  that  are  given  on  the  stress  sheet 
and  are  either  members  in  which  stresses  occur  or  which  are  specified 
by  the  designing  engineer ;  while  the  "  details "  are  plates,  angles, 
rivets,  etc.,  which  are  necessary  to  develop  the  strength  of  the  "  Main 
members."  The  reference  number  is  given  in  column  i ;  the  num- 
ber of  pieces  of  the  same  kind  is  given  in  column  2 ;  the  shape  of  the 
section  is  given  in  column  3 ;  the  size  of  the  section  is  given  in  column 
4 ;  the  length  of  the  plate,  channel,  etc.,  is  given  in  column  5 ;  the  weight 
per  foot  is  given  in  column  6 — the  weight  of  rivets  and  similar  details 
is  given  as  "lbs.  per  100";  the  weight  of  "main  members"  and 
"  details  "  is  given  in  column  7 ;  the  "  details  "  in  per  cent  of  "  main 
members"  is  given  in  column  8;  while  the  total  weight  is  given  in 
column  9.  The  weights  of  rivet  heads,  only,  are  included  in  the 
weight  of  the  structure,  it  being  assumed  that  the  remainder  of  the  rivet 
fills  up  the  hole  punched  in  the  member.  The  weights  of  rivet  heads 
were  taken  from  Cambria  Steel,  and  are  larger  than  the  weights  given 
by  Carnegie.  The  chord  pins  and  nuts,  and  pedestals  are  considered 
as  "details."  A  summary  of  the  weight  of  the  metal  in  the  bridge 
is  given  in  Table  LXXIII.  The  weight  of  the  lumber  is  given  in  Table 
LXXIV.  In  Table  LXXV  the  weights  of  the  diflFerent  parts  of  the 
bridge  and  the  per  cent  of  "details"  are  compared  with  two  other 
highway  bridges. 

For  a  discussion  of  the  per  cent  of  details  in  highway  bridges  of 
diflFerent  types,  see  Chapter  XIX. 

References  are  made  to  "Cambria"  (Cambria  Steel,  1907  Edition) 
and  to  "Carnegie"  (Carnegie  Steel  Handbook,  1903  Edition). 
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0 

/i 

7.44 
7.44 

298 

34 
54 

HA 

\       298 

Total  Wei'ghf  of  0  Lower  Chords  -  532*6  ■ 

2656 

C 

arr/ecf  t 

^orwoft 

2/480 
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/ 

2 

3 

4 

5 

6 

7 

3 

9 

Ref, 
No, 

No. 

of 

Pieces 

Shape 

Section 

^Length 

Wt. 

per 

Foot 

Weight 

Details 
P&Cert 
ofMain 
^emlxn 

Total 
U/eight 

Ft. 

In. 

flain 
Members 

Ottaih 

brought  fbrwara 

21460 

3 

4   Lower  Chords,  L^L^^  each  thus:- 

2 

fye^ars 

H%' 

20 

0 

it.i0 

fftfj^ 

4 

lyBs 

ii''ii 

1 

# 

tl.10 

07 
47 

I5J> 

440 

Total  Weight  of  4  Lower  Chords  =  J/3  ^4  «       1 

2Q^Z 

4    Lower  Chords tL^L4^  each  thus :- 

4 

fye3an 

i"'& 

20 

0 

7.0Z 

50Z 

Q 

Eyet 

'•'H' 

1 

0 

IJOZ 

84 
64 

lio 

50Z 

Total  Weight  of 4  Lower  Chords  -  ^40*  4  ' 

2564 

4 

4       Infermediaie  R)3fj,  Ui  Lz ,  each  thus:- 

' 

t 

Cs 

I'&el* 

Z5 

5 

9,15 

49Z 

1 

; 

4 

3aitmPlx 

IO'>i' 

0 

10 

6,50 

29 

• 

Z 

Pin  Pis. 

f*T 

1 

0 

tt.90 

30 

1 

z 

1     f 

^'i' .. .. 

1 

/z 

0.58 

t4 

4 

L> 

1 

0 

4.00 

10 

too 

lacin^dors 

0 

ni 

1.49 

146 

204 

BiveiHtod9 

per 

too 

9.95 

Z0 

lit 

*             H 

f'* 

0 

100 

10.12 

te 

287 

5A5 

49Z 

TeialWaigMof4InUnriedMtPeih'n9t4'      1 

31!^ 

4    Infermediafe  f^sts,  L/jLj,  each  thus:— 

2 

Cs 

Tffr 

25 

3 

fl75 

49Z 

4 

dan^nPh. 

loij- 

0 

to 

0.50 

i9 

Z 

Pin  Ph. 

i'*i' 

0 

11 

0.58 

12 

Z 

0      0 

a  •■  a    ••      t0 

1 

3i 

&93 

Z4 

4 
100 

Lacinydan 

1 
0 

0 

4.00 
1.49 

■ 

10 

146 

Z€4 

Piv9tHeads 

per 

too 

9.95 

20 

9Z 

0       0 
1 

5'^ 

» 

too 

10.12 

t5 
Z70 

54.9 

49Z 

1 

» 

Total  W€igMot4InUrmeaiafmPbst30  762^4' 

3046 

Z    Infermediafe  PosfSy  U4  Z^,  each  thus  ;- 

z 

Cs 

*'®5* 

25 

3 

8l00 

404 

4 

ba«9nPls. 

''% 

0 

10 

8.08 

Z7 

■ 

z 

PinPh. 

0 

", 

0^90 

It 

■ 

z 

0         M 

I 

/4 

7.05 

18 

4 

tf 

1 

0 

4J0O 

10 

100 

Lacingdan 

hi 

1 

0 

IJ8 

IZ8 

■ 

204 

RiwfHeadi 

per 

too 

9.95 

20 

■ 

64 

»       0 

r* 

0 

100 

I6.IZ 

14 
240 

StA 

404 

tTatal  Weight  pf  4  In  farmed  fata  fhsfs  *^044'»2' 

1268 

1             J .          1             1       Carried  fbrt^ard 

35506 

ESTIMATE   OF   WEIGHT. 
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/ 

2 

3 

4 

5 

e 

7 

6 

9 

Ref. 
No. 

No, 

of 

Pieces 

Shape 

Section 

Lenglh 

Wt 

per 

Foot 

Weight 

Oetaib 
fkrCenf 
oftlam 

Toial 
Weight 

Ft 

In. 

Nam 
flembers 

Oelalb 

brought  Forward 

33508 

5 

4    Mam  Ties^  U,Lj>^ each  ihu5  ;- 

/ 

lyedars 

J/ 

'h 

7.44 

465 

4 

fyes 

/ 

7,44 

33 
33 

7.3 

405 

rofaiWetghfof4-ndfnTi'es»  496*4^ 

1992 

4    MamTtes^UgLy, each  thus:- 

2 

£y0  5ar9 

'vK. 

3/ 

ik 

^33 

599 

4 

£yms 

2i>r 

/ 

>i 

few 

29 
29 

7.3 

399 

Tofat  Weight  of  4  Main  Ties  -  42S  '  4- 

1712 

4  Mam  Tis3,  UsL^^each  thus:- 

1 

2 

Eyes 

2H' 

5/ 

I 

37f 

4 

SAO 
X40 

213 

14 
14 

to 

213 

Total  Weight  of  4  Main  Tie3'227n4' 

903 

6 

4    Hfp  Verficals^  UiLi^  each  thusi- 

t 

Cs 

6'®  9* 

0 

■4 

&00 

104 

2 

5ar^ 

19 

2.40 

102 

2 

Loops 

h'.. 

1 

% 

2jbO 

3 

2 

1 

1 

Z60 

■ 

9 

4 

PtnPIs: 

•H\ 

0 

% 

5.10 

14 

e 

doHtnPls. 

/ 

4.i5 

23 

4 

IP 

1 

/ 

0 

4.10 

• 

10 

43 

KhmtHeadb 

per 

100 

9.95 

5 

34 

»       0 

m 

100 

I6.IZ 

14 
94 

45j0 

200 

Total  Weight  of  4  Hip  Verfical9^500*4* 

1200 

7 

4    CounferTie3, U^Lz teach fhuj:- 

1 

1 

Root 

IV 

31 

314 

1.50 

47 

■ 

1 
1 

Loop 
ft 

4'^ 
%'4 

1 
1 

?i 

1.50 
1.50 

2 
2 

1 

/ 

Tumbvckh 

each 

3.50 

4 

1 

Upsets 

,4r^ 

0 

4 

1.50 

1 
9 

191 

47 

Ibtal  Weight  of  4  Counter  Ties  '5^*4' 

224 

4   Coun  fer  Ties^  U4  Z. j ,  each  fhus :  - 

2 

Rods 

l^a 

31 

3.40 

^13 

2 

Loops 

f'a 

1 

3.40 

to 

2 

tt 

/"a 

1 

X40 

II 

2 

Tumtackles 

each 

7.00 

14 

2 

Upsets 

li'* 

0 

4 

3.40 

213 

2 

37 

17.5 

Total  Weight  of 4  Counter  Ties  •  2 SO*  4  « 

fOOO 

. 

1            1            \€arriecf  Forward 

40004 
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/ 

2 

3 

^ 

J 

6 

7 

e 

9 

Ref. 
No. 

No. 

of 

Pieces 

5hape 

Section 

Length 

Wt. 

• 

per 
Foot 

Weight 

Detaib 

krCerrt 
of/iain 
%rnbery 

Total 
Wefght 

Ft  . 

In. 

Main 
tiemberj 

Detaih 

• 

brought  Fontanel 

40604 

6 

2  Floor  l^amj,  L/ ,  each  thus:- 

1 

I 

IS*®  50  ^ 

16 

9 

50.00 

620 

4 

Pt5. 

/zV^; 

0 

/^i 

mo 

40 

4 

3M.Ph. 

^"^d 

/. 

6 

A95 

54 

64 

Rn^HtaA 

i"^ 

P^ 

100 

16.12 

10 
104 

12.9 

620 

Total  Weight  of  2  Floorbeeims  •  924  x^- 

1643 

V                                                                          1 

5  FloorbeamSy  2Lz^2L^^La,  each  thus:- 

r 

X 

15  &50^ 

16 

9. 

90M0 

620 

4 

Pis. 

0 

f*l 

10.20 

' 

40 

4 

5ta,pi5, 

i'i 

/ 

w 

9 

6.93 

92 

64 

Ri^HHtdb 

r* 

P^ 

100 

1612 

10 
32 

6.7 

620 

■ 

Total  Wetghtof5  Floorbeam^  ■  902^5^^ 

4510 

9 

JohtSy  thus:- 

4 

Cs 

^?^i?# 

20 

9, 

9.75 

309 

12 

PS 

7-'(^1>i  * 

19 

'fj 

9.75 

2940 

14 

Is 

7'(g>/5# 

20 

9 

I5M0 

4556 

42 

U 

7"®!$^ 

19 

ni 

15.00 

12600 
20107 

00 

Total  Weight  of  Joists  •          | 

20107 

10 

hub  6uarc(lFence),thu3:^ 

4 
4 

Cs 
C5 

5'®  li* 
5'®6{^ 

16 
17 

6& 

di 

650 
6.50 

499 

461 

4 

LS 

IB 

^nj 

650 

494 

96 

1 

5^®ei* 

19 

/If 

650 

4660 
6070 

00 

Tota  1  Weight  of  Fence  a      | 

6070 

II 

2    Walt Pfate^,fhu3i- 

1 

L 

y/y^i\ 

16 

0 

9.90 

156 

1 

1 

L 

15 

^i 

9.90 

J95 

2 

Pl9. 

6'xi' 

0 

9 

5.10 

S 

20 

RMHtodi 

per 

too 

1612 

• 

5 

^ 

919 

// 

Total  Weight  of  2  Wait  Platen  •        1 

924 

11 

5    Top  Lateral 5fruf3,each  thus:- 

2 

lA 

3\2'fi' 

16 

0 

4.10 

I40 

2 

L^ 

i'n'ti' 

16 

0 

4.10 

499 

1 

2 

Pts. 

fo'^h' 

1 

4 

10.63 

23 

' 

2 

m 

'%. 

1 

^i 

698 

19 

2 

a 

I2^k' 

0 

6 

12.75 

17 
64 

Car 

r/edt  P 

ori^ar 

ef   291 

79469 

ESTIMATE   OF   WEIGHT. 
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' 

2 

i 

4 

5 

e 

7 

a 

9 

Rff 

No. 

of 
Pieces 

5hape 

Section 

Length 

wt 

Weights 

Oetaih 
PerCeni 

Total 

No. 

Ft 

In. 

per 
Foot 

Main 
Menthers 

of  thin 

Weighi 

Brought  Forward. 

75405 

11 

Confmued:—    \ 

1 

.      M                 «     M 

Brought  Forward 

261 

04 

22 

LcKingBon 

'i^'A 

1 

'/ 

t.23 

35 

9§ 

PivttHeads 

^3  w  ^    J 

per 

too 

9.95 

to 

90 

0               » 

• 

• 

too 

1012 

15 
124 

44.0 

281 

Total  Weight  of  5  Top  Lateral  Struts*  405^5' 

2025 

12a 

m 

5  Sway  3frutJ, each  fhus:^ 

2 

IP 

10 

^i 

4.90 

102 

4 

L^ 

/ 

ti. 

0.10 

50 

2 

Pis. 

//'x4'4 

/ 

lot 

14.05 

55 

&$ 

R!yefHeath 

^'4" 

per 

10.12 

II 
70 

47.0 

1 

102 

Total  Weight  of  5 Sway  Struts  »23a^5- 

1190 

15 

Top  Lateral  Rod^^  thu^:- 

4 

Rod^ 

'ilt 

26 

% 

4.17 

440 

• 

e 

Upsets 

'it 

0 

4.17 

8 

6 

Nuts 

(J 

'3"t 

each 

5.00 

24 

4 

Rods 

20 

4^ 

\56 

355 

e 

UpS9t3 

\.* 

0 

H 

538 

7 

6 

Nuts 

'il 

each 

2.35 

19 

4 

Rods 

T*^, 

70 

24 

Z01 

270 

8 

Upsets 

ii:f 

0 

4§ 

2.07 

0 

$ 

Nufs 

li' 

each 

1.54 

If 
75 

7.0 

1005 

Tofal  Weiqhf  ofTopLataral  Roots* 

1140 

13a 

3ivay  Rods^  thus:- 

10 

Rods 

i*^ 

10 

0 

104 

510 

20 

Upsets 

li"p 

0 

5 

2J04 

17 

20 

Clevises 

_       _  ■ 

each 

8.00 

100 

20 

Pins 

li"l> 

0 

H 

1.50 

30 
207 

000 

320 

Tofal  Weight  of  5yif  ay  Rods' 

555 

14 

bottom  Lateral  Rodi.fhusi^ 

4 

Rods 

'it 
li"* 

25 

», 

5j05 

.510 

4 

Loops 

J 

3i 

5.05 

25 

4 

Clevises 

m  K  M. 

each 

17.00 

1 

08 

4 

Upsets 

0 

ii 

505 

5 

4 

Nuts 

tl\ 

each 

5.70 

15 

4 

Rods 

25 

9 

4.17 

450 

0 

Upsets 

0 

4 

4.17 

if 

6 

Nuts 

'^ 

each 

5.70 

50 
154 

Carrii 

9d  For* 

fard 

950 

78551 
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/ 

2 

iSection 

Rsf. 
Na 

No. 
of 
Piem 

Shapt 

per 
Foot 

VVnmi  lora,     1 

ft. 

In. 

£t*«££ 

y-ijfff 

Brwyhf  Femara 

733St 

14   Continued:- 

Brought  rbrrjarc 

9S0 

IS4 

llOd, 

'it 

S4e 

Nut} 

' 

" 

4 
eazh 

hie 

hii 

19 

IKXI, 

rf 

t.VI 

27! 

Upfl3 

li''* 

0 

4i 

N.,t, 

U' 

I.S4 

, 

IB 

Mx}her3 

m 

•7771 

-^ 

I60 

Total  Waighi  of  BoHomLoitral  Ifafi- 

mo 

15 

2    Poftals 

each  thus:- 

L 

%        ■ 

JO 
IS 

H 

i.10 
uo 

no 
97 

V 

i 

'n 

6.10 
6.10 

137 

tf 

S 

0.10 

no 

PI. 

s'i 

e 

1 

4.90 
9.i* 

81 

16 

Ph. 

'^''4 ' 

1 

O.f0 

26 

R!Mllimli 

it 

100 

lt.l? 

16 

9 

Mahen 

z'4 

eaih 

1.00 

-777 

~ni 

I7J> 

TotaH 

light  of  ZPbrlah  •WflJ'2. 

l$76 

1$ 

Chord  f^ 

ins  and  Nut 

-,thus:- 

0 

27.1  J 

109 

0 

U 

iJ)0 

IS 
24 

11 
'4 

n.ti 

0 

16*9 

IS 

each 

S-OO 

0, 

0 

1 

19.19 

SO 
62 

0 

I0.6B 

9 

t!0 

20 

1 

1 

27.13 

119 

16.69 

each 

xoo 

24 

i 

27.13 

133 

0 

IM9 

14 

Corr 

each 

3M 
Y^ard 

-^ 

eiS4T 

ESTIMATE   OF   WEIGHT. 
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5 


No, 


No. 

of 

Pieces 


Length 


3hape 


Section 


Ft 


In. 


per 
Foot 


Weight 


Main 
Members 


Oetaih 


Defaih 
PerCerfi 
of  Main 
ffembers 


Total 
Weight 


&evoyM 


fbrworvt 


01647 


16  Continu9^>* 


17 


Id 


19 


I 

Ptn9  L4 

4 

5crtw3 

4 

Nut3 

4 

Pins  Ml 

3 

Screws 

d 

Nutj 

2* 


3roughf  Forward 

I  4  1 113 

0  ii  IM9 

each       }.00 

0  7  (929 

0  fj  iOM 

each      Z50 


Toiat  Weighfof  Chord  Pins  and  t4uts 

Pedesfah^  Roller  End^  each  thus:- 


t070 


OasePt. 

BotsferPli, 

Pin  PL 

Rods^ 

3ar3 

3edPt. 

L9 

Tapbott 

AndierBo/fS 

idO 

K^Hemds 

6 

PoUers 

3''t24''U 
5 


V 


Z    Pede^faby  Fixed  End f 

12' fV 
B'tf" 


I 
0 
0 

I 
0 

per 
I 


3IM 

tOAO 

7^5 

/JO 

ZfO 

3/^0 

4J0 

4.60 

33d 

I0JZ 

10^6 


45 

34 

0 

4 

0 

61 

23 

I 

9 
13 
63 


1 

6asePL 

4 

BohferPls. 

t 

Pin  PL 

1 

TapBoif 

fQ 

mmfHea^e 

Total  Weight  of  2  Pedestals 

each  thusi" 

31.99 

10.40 

7.65 


135 
235*2' 


I 
0 
0 
0 
per 


'i 
% 

'100 


4j60 
16.12 


Tofaf  Weight  of  Z  Pedestals  -  (25*2- 


bolts  For  Lumbor^  thus:— 


60 

30/t3 

144 

m 

60 

Cajfh^shers 

566 

Cut     ' 

1500 


spikes, thus:— 


Sptkes 


40ct 


I 
0 

0 


per 


2 
9 

100 
100 


Wigh\ 

L46 

0.76 

43.00 


Total  Weight  of  3olts  » 


100 


7.00 


117 
61 

34 

26 

260 


175 


570 


250 


Total  Weight  of  Spikes  * 

Total  Weiqhf  ofi^eta/ 

I      I 


260 


17$ 
64172 
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TABLE  LXXIII. 


3uMMARY  or  Weight  of  Metal  in'Bridqe 


Ref. 
No. 

Member 

Weights 

Details 
Per  Cent 
of  Main 
Members 

Main 
tiembers 

Details 

Totaf 

1 

z 

3 
4 

5 

0 

7 

6 
12 
12a 
13 
13  a 
14 
15 
16 

n 

£ndPosts 
Top  Chords 
Lov\/er  Chords 

Inhrmediate  Posts 

• 

tiain  Ties 

Hip  \/erticals 

Counters 

Floorbeams 

Top  Lateral  Struts 

3v\^ay  5tn^ts 

Top  Lateral  Rods 

5way  Rods 

Bottom  L  ateral  Rods 

Portals 

Chord  Pi  ns  and  Nuts' 

Pedestals 

5072 
9090 

0410 

4744 
4306 

624 
1040 
3740 
1405 

810 
1005 

326 
1573 
1434 

1440 

2010 

670 

2706 

304 

370 

164 

618 

020 

380 

75 

207 

247 

242 

1070 

620 

6312 

12312 

7292 

7452 

4012 

1200 

1224 

^358 

2025 

1190 

1140 

533 

1620 

1070 

1070 
820 

26.5 
27,0 
13,0 
57.5 

7,0 
45.0 
18.0 
10.8 
44,0 
47.0 

7,0 

eojo 

10.0 

17.0 

44453 

12763 

57250 

26.7 

Total  Weight  of rietal  in  Briclge,exclui!ve  of  9,10,11,18  &  19'  57236  lbs. 

3 

10 
II 
16 
19 

Joists 
Fence 

Wall  Plates 
dolts  for  Lumber 
5pikes "          'f 

20107 

0070 

313 

II 
200 
175 

20107 

0070 

324 

200 

173 

0.0 
0.0 
1.2 

20490 

440 

20930 

1.7 

Total  Metal  in  Brlcfge 

70943 

13229 

64172 

16.6 

■  »   -■ 


ESTIMATE  OF  WEIGHT. 
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TABLE  LXXIV. 

Weight  or  Lum&er 


Ref. 
No, 

Name  of  Piece 

No. 

of 

Pieces 

Cross 
Section 

Length 

in 
Feet 

Feet 

Weight      \ 

Lbs.  per 

FtB.ri, 

Total 

1 

2 
3 

4 
5 

# 
7 

Floorfn^ ,  Oak 
Joists  t(Steei) 
Nafh'rH^  Pieces 
Hub  Guards i  (Steel). 
Felloe  Guards 
Shims  (Not  used) 
Ptank  at  end  of  Jotsf 

.30 

20 
2 

4''»0'' 

2i'm' 

16 

10 

)0 

13 

§400 

eeo 

040 
90 

4.5 
45 
45 
45 

23300 

4520 

1330 

405 

y^tal  Lumber 

8030 

33405 
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TABLE  LXXV. 

CoMPARiaoN  OF  DetailsofThisSpan 
WITH  Two  Other  \60rooT  Highway  n5pan3 


No. 


Parts  of  Bridge 


Thh 
3rfdqe 


/0Ox/e' 
9Pane) 
Inclined 
Chord 


iOPane/ 
Inclined 
Chord 


I 
2 
3 
4 
5 
6 

7 

6 

10 
II 

n 


Welgfht  ofPfns  in  Per  Cent  of  Total  WeJqhi 
of ilektl  exclusive  offence.  Joists^  etc. ' 

Weight  of  Rivet  Heads  in /^  Cent  of  Total 
Weight  of  tietal  exclusive  of fence,Jot3f5iefc. 

Total  Weight  of  Details  in  f^r  Cent  of  Main 
Members  exciusive  offence.  Joists,  etc 

Weight  ofdottom  Lateraf  5ystem  in 
/bunds  per  lineal  foot  of  Span 

Weight  of  Top' Latena I  System  in  Pounds 
per  lineal  foot  of  Span 

Weight  of  Trusses  in  founds  per  lineal 
foot  of  Span  exclusive  offence  and 
Pedestals 

Weight  ofL  umber  in  /bunds  per  lineal 
foot  of  Span 

Weight  of  Joists  in  Pounds  per  lineal 
foot  of  Span 

Weight  of  Fence  in  /hunds  per  tinea/ 
foot  of  Span 

Weight  of  Floorbeams  in  /bunds  pei^ 
lineal  foot  of  Span 

Weight  of  Wall  Plates,  Pedestalsy  Qolts, 
ir  Spikes  in  Pounds  per  lineal  foot 
of  5pan 

Total  Weight  ofdridge  in  /^unds  per 
linea  foot  of  Span  c  fo  c.  End  P/ns 


137 
3.45 
26.7 

11.4 
4L0 

260S 

227.0 

/25.7 

33.0 

40.0 

M 
753.0 


2.Qe 
4.30 

33J 
9.0 

23.5 

224.9 

203.4 

1 24.9 

23j^ 

4U4 

11.7 
67Z4 


1.93. 

3.30 
25.7 

9.3 
37.0 

277.4 

216.1 

110.3 

25.5 

30.G 

9.9 
710.1 
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Cost  of  SteeL — The  cost  of  the  steel  will  be  estimated  at  the  mill 
at  Pittsburg,  Pa. 

Bridge  Exclusive  of  Joists  and  Fence. — The  bridge  is  composed  of 
beams,  angles,  bars,  plates  and  pin  rounds  as  given  in  the  following 
table : 


Shapb. 

Wbight, 
Pounds. 

Pbr  Csnt  op 
Total  Weight. 

Cost  per  Pound^ 
Cents. 

Percsntacb  op 

Pound    Cost, 

Cents. 

Beams  and  channels 

Angles  y^  and  under 

Bars 

20,942 

3»843 

23»o44 

8,171 

1,236 

36.6 

6.7 
40.2 

14.3 
2.2 

1.70 
1.60 
1.40 

1.65 
2.00 

0.623 
0.102 

0563 
0.238 

0.044 

Plates 

P>n  rounds. ..,..^. 

Total 

57,236 

lOO.O 

1.570 

Average  cost  of  the  steel  at  the  mill i-570  cts."  per  lb. 

Waste  in  fabrication,  4  per  cent 0.063 

Paint  material o.oio 

Freight,  Pittsburg  to  Chicago 0.165 


II 


<( 


« 


<< 


(< 


(( 


Average  cost  of  the  steel  at  the  shop 1.808 


t< 


tt 


Joists  and  Fence. — The  joists,  fence  and  wall  plates  will  take  the 
rate  of  1.70  cts.  per  lb.  at  the  mill. 

Average  cost  of  the  steel  at  the  mill 1.700  cts.  per  lb. 

Waste  in  fabrication,  2  per  cent 0.034 

Paint  material o.oio 

Freight,  Pittsburg  to  Chicago 0.165 


« 


<t 


it 


n 


(( 


(( 


Average  cost  of  the  steel  at  the  shop 1.909 


<f 


t< 


Shop  Cost  of  the  Steel  in   the   Bridge   Exclusive   of  Fence, 
Joists,  etc. — 

Average  cost  of  the  steel  at  the  shop 1.808  cts.  per  lb. 

Shop  cost,  including  drafting 0.800 

Total  shop  cost 2.608 

Freight,  shop  to  Orrick,  Mo 0.270 


tt 


tt 


tt 


tt 


<i 


a 


Total  cost  of  steel  at  Orrick,  Mo 2.878 


it 


tt 
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Shop  Cost  of  Joists,  Fence,  etc. — 

Average  cost  of  the  steel  at  the  shop 1.909  cts.  per  lb. 

Shop  cost,  including  drafting 0.250 

Total  shop  cost 2.159 

Freight,  shop  to  Orrick,  Mo- 0.270        " 

Total  cost  of  steel  at  Orrick,  Mo 2429 

Erection. — 
Hauling  42  tons  4  miles  @  25  cts.  per  ton  mile  and  50  cts  per 

ton  for  loading  and  unloading $     63.00 

Falsework. — Thirty-two  piles,  30  ft.  long  @  12  cts.  per  foot. .  1 15.20 

Driving  960  lineal  feet  piling  @  20  cts.  per  foot 192.00 

Timber,  7,000  ft.  B.  M. — J  price — @  $10.00 70.00 

Placing  timber,  7,000  ft.  B.  M.  @  $8.00 56.00 

Labor,  erecting,  bolting  and  riveting,  40  days'  labor  @  $4.00  160.00 

Transportation  of  men  and  tools  from  Kansas  City 50.00 

Labor,  painting  bridge,  one  coat,  6  days'  labor  @  $4.00 24.00 

Labor,' erecting  floor  lumber,  8,100  ft.  B.  M.  @  $4.00 32.40 

Total  cost  of  erection $  762.60 

Summary  of  Cost  of  Superstructure. — 

Steel,  57,236  lbs.  @  2.878  cts.  per  lb $1,647.25 

Joists,  Fence,  etc.,  26491  lbs.  @  2.429  cts.  per  lb 643.46 

Lumber,  8,i0o  ft.  B.  M.  oak  @  $30.00 243.00 

Paint,  16  gallons  @  $1.25 ^.00 

Bolts  for  the  floor,  300  lbs.  @  3  cts 9.00 

Spikes  for  the  floor,  200  lbs.  @  3  cts 6.00 

Cost  of  erection 762.60 

Total  cost  of  superstructure $3>33i-3i 

Contract  price   3,900.00 

Profit  $  568.69 
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CHAPTER  XXII. 


«f^         The  Calculation  of  the  Efficiencies  of  the  Members  of  a  i6o-ft. 
S  Span  Steel  Pin-connected  Highway  Bridge. 

Introduction. — The  calculation  of  the  efficiencies  of  the  members 
of  this  bridge  are  to  be  made  under  the  "  Specifications  for  Steel  High- 
way Bridges/'  Class  D^,  as  given  in  Appendix  I,  using  the  alternate 
stresses  in  §  36a  to  §  42a.  The  shop  plans  of  this  bridge  are  given  in 
Fig.  285. 


CALCULATION  OF  STRESSES.  Dead  and  Live  Load  Stresses. 
/•  — The  dead  and  live  load  stresses  in  the  trusses  were  calculated  by  the 
^         method  of  sections  and  are  given  in  Fig.  286. 

The  dead  joint  load  per  truss  is  H^  =  7,536  X  20/2  ==  7,536  lbs., 
taken  as  7,500  lbs. 

The  live  joint  load  per  truss  was  P=  1440  X  20/2=14,400  lbs. 
All  loads  were  assumed  as  carried  by  the  loaded  chords. 

Wind  Load  Stresses, — The  wind  load  on  the  upper  chord  was 
I         assumed  as  a  dead  load  of  150  lbs.  per  lineal  foot  of  truss,  one-half 
I         or  75  lbs.  per  foot  was  assumed  as  carried  by  the  sway  bracing  and  the 
other  half  by  the  upper  lateral  system.    This  gave  wind  joint  loads  of 
'^j  1,500  lbs.  at  each  upper  chord  point  except  at  U^  and  C//,  where  the 

^  loads  were  3,000  lbs.     The  chord  stresses  due  to  this  loading  are  marked 

D.    The  stresses  in  the  upper  lateral  system  due  to  wind  were  calcu- 
lated by  the  method  of  sections. 

The  loads  transferred  to  the  lower  lateral  system  by  the  sway 

bracing  produce  bending  in  the  vertical  posts  and  add  to  the  vertical 

;:;  loads.    The  vertical  load  is  1,500  X  24/17  =  2,169  lbs.,  which  is  applied 

;^  at  all  the  lower  chord  points  except  L^  and  L/.     The  stresses  in  the 

upper  and  lower  chords  of  the  truss  were  calculated  by  the  method  of 

^  sections  and  am.iharked  D'. 

^  The  stresses  in  the  sway  bracing  have  been  calculated  on  the  assump- 

i^''--  tion  that  the  posts  are  fixed  by  the  floorbeams  and  that  the  point  of 

^  contra-flexure  is  lialf  way  between  the  lower  chord  pin  and  the  sway 

strut. 

The  stresses  in  the  portal  were  calculated  on  the  assumption  that 
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the  end-posts  were  free  to  turn  (pin-connected).  The  horizontal  com- 
ponents of  F  and  F'  in  the  portal  cause  stresses  which  are  the  same  in 
all  panels  of  the  lower  chord,  and  are  -^V  sinO  on  the  windward  side 
and  —  F  sin  ^  on  the  leeward  side. 

The  wind  loads  on  the  lower  lateral  system  were  assumed  to  be  a 
dead  load  of  150  lbs.  per  lineal  foot  and  a  live  load  of  150  lbs.  per 
lineal  foot.  In  addition  to  this  the  dead  wind  joint  loads  were  increased 
by  the  1,500  lbs.  transferred  by  the  sway  bracing  from  the  top  lateral 
system,  except  at  the  points  L^  and  L/.  The  dead  and  live  load  wind 
stresses  are  marked  D  and  L,  respectively.  / 

INVESTIGATION  OF  EFFICIENCIES  OF  MEMBERS. 
VERTICAL  POSTS.  INTERMEDIATE  POSTS  U^L^.— Com- 
posed of  2  [s  /'  @  9|  lbs.  X  24'  o"  laced.  From  handbook,  Cambria 
(p.  164),  Carnegie  (p.  loi),  the  moment  of  inertia  of  one  7"  [  @  9f 
lbs.  =  /j  =  2 1 . 1  "* ;  fi  =  2.72".  Area  of  one  7"  [=  2.85  sq.  in.  Thick- 
ness of  web  =  0.21"  (thickness  should  not  be  less  than  0.25"). 


■^ 


'-Bjf' 

z 

Fig.  287.    Intermediate  Post  C7iL». 

Moment  of  inertia  I^  may  be  calculated  as  follows : 

72  =  2/' +  2^X3-53' 

=  1.96  +  2  X  2.85  X  3-53'  =  72.98"* 
I^  =  A'r^^',  r2  =  3.6". 

The  largest  ratio  of  /  to  r  will  occur  around  the  axis  i-i,  and  l/r 

=  29^/2,72  =  106. 
The  allowable   live   load   unit   stress    (§37a),  Fi  =  10,000  —  45- l/r 

=  5,230  lbs. 
The  allowable  dead  load  unit  stress   (§37a),  Pd  =20,000  —  go-'A 

=  10,460  lbs. 
The  maximum  live  load  stress  in  the  member  =  +  27,000  lbs. 
The  minimum  live  load  stress  in  the  member  =  —   5,400  lbs. 
The  dead  load  stress  in  the  member  =  +  11,250  lbs. 

There  will  be  no  reversal  of  stress  in  the  member. 
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Area  required  to  take  the  live  load  stress  =  27,000/5,230  =5.16  sq.  in. 
Area  required  to  take  the  dead  load  stress  =  1 1,250/10,460  =  1.07  sq.  in. 

Total  required  area  for  dead  and  live  loads  =6.23  sq.  in. 

The  actual  area  of  the  post  is  2  X  2.85  =  5.70  sq.  in. 

( 1 )  The  efficiency  of  the  post  for  dead  and  live  load  stresses  =  5.70/6.23 

==0.91.'   The  efficiency  should  be  at  least  i.oo. 

(2)  The  average  allowable  unit  stress   for  dead  and   live  loads   is 

38,250/6.23  =  6,140  lbs. 

The  actual  unit  stress  due  to  dead  and  live  loads  is  38,250/5.70=6,710 
lbs. 

The  efficiency  of  the  post  will  also  be  the  ratio  of  the  allowable  to  the 
actual  stress  =  6,140/6,710  =  0.91.  Either  the  first  or  second 
method  may  be  used  for  calculating  the  efficiencies  for  direct 
stresses ;  for  bending  stresses  the  second  method  must  be  used. 

Wind  Load  Stresses. — The  direct  wind  load  stress  will  be  due  to 
the  half  load  of  1,500  lbs.  transferred  to  the  bottom  chord  by  the  sway 
bracing,  the  coefficient  will  be  2^  and  the  stress  =  2^  X  2,160=5,400 
pounds. 

Flexure  in  Post  Due  to  Wind. — The  maximum  bending  moment  will 
come  at  the  bottom  of  the  sway  strut,  and  from  formula  (63)  will  be 

^r^i  9X  I2X  75OX  SW  ,Q,^iKc 

A = -p-r/2  = T— — =^=2-  =  5,0 10  lbs. 

I     ^^  o        43»6so  X  180 


24-fi'      7-9        24  X  28,000,000 


The    extreme    fiber    stress    will    be    5,810  +  5400/5.70  +  (27,000 -|- 

ii,25o)/5.70=  13,470  lbs. 
When  the  wind  is  considered,  the  allowable  unit  stress  for  dead  and 

live  loads  may  be  increased  by  25  per  cent  if  the  wind  load 

unit  stress  i»  more  than  25  per  cent  of  the  unit  stress  due  to  dead 

and  live  loads  (§46). 
The  allowable  stress  considering  wind  will  be  6,140  X  1-25  =  7,675  lbs. 
The  efficiency  considering  wind  will  be =7,675/13,470  =  0.57. 
The  efficiency  should  be  at  least  i.oo. 

INTERMEDIATE  POST  U3L3.— Composed  of  2[s/'@9}  lbs. 
laced  X  24'  o". 
This  post  has  the  same  dimensions  as  post  U^L^y  and  /^  =221.1"*; 

ri  =  2.72";  A  =  5.70  sq.  in.;  72  =  72.98"*;  r2  =  3.6". 
Also  //r  =  106,  Pl  =  5,230  lbs.,  and  Pj,  =  10,460  lbs. 
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The  maximum  live  load  stress  in  the  member  =  +  18,000  lbs. 

The  minimum  live  load  stress  in  the  member  =  o 

The  dead  load  stress  in  the  member  =  +    3>750  lbs. 

Area  required  to  take  the  live  load  stress  =  18,000/5,230  =  3.44  sq.  in. 

Area  required  to  take  the  dead  load  stress  =  3,750/10460  =  0.36  sq.  in. 

Total  required  area  to  take  dead  and  live  loads  =  3.80  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads  is  21,750/3.80 

=  5,700  lbs. 
The  actual  unit.stress  due  to  dead  and  live  loads  =  2i,75o/5.7  =  3,8io 

lbs. 
The  efficiency  of  the  post  for  dead  and  live  loads  =  5,700/3,810=  1.50. 

Wind  Load  Stresses. — ^The  direct  wind  load  in  the  post  will  be 
2,160  X  1^  =  3,240  lbs.     (The  coefficient  is  i^.) 

Flexure  in  Post  Due  to  Wind. — The  maximum  bending  moment  will 
occur  at  the  bottom  of  the  sway  strut,  and  will  be 

_    Jl/.jt'i         9X  I2X750X  509^^   ^  J, 

j^tli^  24,990  X  180 

24^      7-9    "■  24  X  28,000,000 

The  extreme  fiber  stress  will  be 

5,700  +  3,240/5.70  +  ( 18,000  +  3»75o)/S70=  io»090  lbs. 
When  wind  is  considered  the  average  allowable  unit  stress  for  dead 

and  live  loads  may  be  increased  25  per  cent  (§46). 
The  allowable  fiber  stress  considering  wind  will  be  5,700  X  1.25  =  7,125 

lbs. 
The  efficiency  considering  \^nd  will  be  7,125/10,090  =  0.71. 

INTERMEDIATE  POST  U4L,.— Composed  of  2  [s  &'  @  8  lbs., 
laced  X  24' o".  From  handbook  the  moment  of  inertia  of  one  6"  [=/i 
=  13.0"*;  ri=:2.34".  Area  of  one  6"  [  =  2.38  sq.  in.  Thickness  of 
web  =  0.20"  (thickness  should  not  be  less  than  0.25"). 

4^ 


Fig.  288.    Intermediate  Post  UaLh. 
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Moment  of  inertia,  /g,  may  be  calculated  as  follows  : 


/,  =  21'  +  2Ax  3-54  «  1.40  +  4.76  X  3.54* 

=  61.04"* 
/,==^r3»;r,  =  3.s8" 

The  largest  ratio  of  /  to  r  will  occur  around  axis  i-i,  and 

Vr= 288/2.34  =123. 

The  allowable  live   load  unit   stress    (§37a),  Px  =  10,000  —  45 -//r 

=  4,465  lbs. 
The  allowable  dead  load  unit  stress    (§37a),  P/,  =  20,000  —  90 -//r 

=  8,930  lbs. 
The  maximum  live  load  stress  in  the  member  =  +  7>5oo  lbs. 
The  dead  load  stress  in  the  member  =  o 

Area  required  to  take  the  live  load  stress  =  7,500/4,465  =1.70  sq.  in. 
Area  required  to  take  the  dead  load  stress  =  0. 

Total  area  required  for  dead  and  live  load  stresses  =  1.70  sq.  in. 
The  average  allowable  unit  stress  for  dead  and  live  loads  =  7,500/1.70 

=  4,465  lbs. 
The  actual  unit  stress  due  to  dead  and  live  loads  =  7,500/1.70  =1,570 

lbs. 
The  efficiency  of  the  post  for  dead  and  live  loads  =  4465/1 ,570  =  2.80. 

Wind  Load  Stresses. — The  direct  wind  load  will  be  2,160  lbs. 
Flexure  in  Post  Due  to  Wind. — The  maximum  bending  moment  will 
occur  at  the  bottom  of  the  sway  strut  and  will  be 

^-'7"P7*  =  : 9,660  X  ISO*     =+6,740  lbs. 

/ w        61.04 5 

24E  ^     24  X  28,000,000 

The    extreme    fiber    stress    will    be    6,740  +  2,160/4.76  +  7*500/4.76 

=  8,770  lbs. 
When  the  wind  is  considered  the  average  allowable  unit  stress  for  dead 

and  live  loads  may  be  increased  25  per  cent  (§46). 
The  allowable  fiber  stress  considering  wind  will  be  4,465  X  1-25  =  5,580 

lbs.    The  efficiency  considering  wind  will  be=  5,581/8,770=  0.64. 

END-POST  LqUi. — The  member  is  composed  of  2  [s  10"  @  15 
lbs.  and  i  pi.  12"  X  i",  laced  X  31'  3iV".  Thickness  of  web  =:  0.24" 
(should  not  be  less  than  0.25"). 
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Fig.  289.    End-post  LoC7i. 


Area  12"  X  J"  PI-  =   300  sq.  in. 

Area  2  [s  10"  @  15  lbs.=  8.92 

Total  area  =11.92       " 

To  locate  the  neutral  axis  2-2  take  moments  about  the  lower  edge 
of  the  channels. 

0=  (8.92  X  5  +  3  X  io.i25)/ii.92  =  6.29". 

.  Eccentricity  e'  =  6.29"  —  5.00"  =  1.29". 
Now  the  pin  is  placed  5.75"  from  the  lower  edge  of  the  channel  and  the 
eccentricity  of  the  loading  is  ^  =  6.29"  —  5-75"  =  0.54". 
The  moment  of  inertia,  /j,  about  axis  2-2  may  be  calculated  as 
follows : 

Let     /'  =  /  of  [s  about  the  center  of  [s. 

/"  =  7  of  plate  about  the  center  of  the  plate. 
^'  =  area  of  the  [s. 
^"=:area  of  the  plate. 

Then  /,=  /'  +  r'  +  ^'  X  1:2^'  +  ^"  X  "^sTs* 

=  133.8  +  0.016  +  8.92  X  1.29*  +  3  X  3  ^35* 
=  133.8  +  0.016  +  i4-8i  +  44.10 


=  192.73 


"4 


/o  =  ^.ro':  n 


2 . 
2  ' 


=  V  192.73/1 1 92 = 4.02". 

The  moment  of  inertia,  7i,  about  axis  i-i  may  be  calculated  as 
follows : 

Let     7' =  7  of  [s  about  the  neutral  axis  parallel  to  the  web. 
7"  =  7  of  plate  about  axis  i-i. 
-^'  =  area  of  [s. 
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Then  /^  =  /'  +  /''  +  A'  x  sTSq' 

=  4.60  +  36.0  +  8.92  X  3.89' 

=  175.56"^ 

I^  =  A'r^^;r,=  ^/ 175.56/1 1.92  =  3.84". 

Direct  Longitudinal  Stress. — Length  of  member=3i'  3^''=375". 

Ratio  of  l/r  =  375/3-84  =  98. 

Maximum  live  load  stress  =  +   65,520  lbs. 

Dead  load  stress  =-|-    34,125  lbs. 

Direct  wind  stress        =  +  7>ooo+ 12,500  =  +    19,500  lbs. 

Total  direct  stress  =+  Ii9>i45  Jbs. 

Allowable  Stresses, — 
For  live  loads  (§37a),  F£  =  10,000  —  45-//r=   5,590  lbs. 
For  dead  loads  (  §  37a) ,  Pj,  =  20,000  —  90- //r  =  1 1 ,180  lbs. 
Area  required  to  take  the  live  load  stress  =  65,520/5,590  =  1 1 .72  sq.  in. 
Area  required  to  take  the  dead  load  stress  =  34,125/1 1,180=  3.05  sq.  in. 

Total  required  area  for  dead  and  live  loads  =  14.77  sq.  in. 

Average  allowable  unit  stress  for  dead  and  live  loads  =  99,645/14.77 

=:  6,760  lbs. 
Actual  unit  stress  for  dead  and  live  loads  =  99,645/11.92  =  8,360  lbs. 
Efficiency  for  dead  and  live  loads  =  6,760/8,360==  0.81. 
The  direct  wind  stress  is  less  than  25  per  cent  of  the  allowable  stresses 

for  dead  and  live  loads,  and  may  be  omitted  in  finding  the 

efficiency  for  dead  and  live  loads  alone  (§46). 

Stress  Due  to  Weight  of  Member. — ^The  total  weight  of  the  mem- 
ber =  1,628  lbs.     (See  Chapter  XXI.) 

The  bending  moment  due  to  the  weight  of  the  member,  Mi=JfF-i-sin^. 
The  stress  due  to  weight  is 

The  stress  due  to  weight  in  the  upper  fiber  is 

I  X  1,628  X  375  X  0.645  X  3.96^^  _  ,  X  .ro  lb- 
^"^ "    1.2   ^  99,645  X  375^      "^  ''^^"^  ''''* 
^  '^^   10  X  28,000,000 

The  stress  due  to  weight  in  the  lower  fiber  is 

/ic' =  — 6.29/3.96  X  1,370  =  — 2,180  lbs. 
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Stress  Due  to  Eccentric  Loading. — The  stress  due  to  eccentric 
loading  will  be 

Afj-Ji  Pe-y 

""  loE  loE 

The  eccentric  stress  in  the  upper  fiber  will  be 

99,645x0.54^x3.96-^^  1,490  lbs. 
127    _    99>645  X  375'  ^ 

^   '^^        ID  X  28,000,000 

Eccentric  stress  in  lower  fiber  is 

fe=  +  6.29/3.96  X  1,490=  +  2,370  lbs. 

The  resultant  stress  due  to  the  stress  due  to  weight  and  the  stress  due  to 
eccentric  loading  is  /^  =  /^  +  /^  =  +  i  ,370  —  i  ,490  =  —  1 20 
lbs.  in  the  upper  fiber  and  — 2,180  +  2,370=+  190  lbs.  in  the 
lower  fiber. 

The  maximum  stress  in  the  member  due  to  the  direct  loading,  weight  of 
member  and  eccentric  loading  occurs  on  the  lower  fiber,  and  is 

/z  +  /i  =  99.645/1 1 .92  +  190  =  8,550  lbs. 

The  resultant  stress  due  to  weight  of  the  member  and  eccentric  loading 
is  less  than  10  per  cent,  and  may  be  neglected  (§  48). 

Stress  Due  to  Wind  Moment. — The  end-posts  will  both  be  fixed 
if  the  windward  end-post  is  fixed.  To  fix  the  windward  end-post  the 
bending  moment  must  not  be  greater  than  the  resisting  moment,  which 
will  be  when 

Mo^H'y,^{99M5  —  y  —  D')a/2 

If  %  5s  taken  equal  to  Jd=  11'  6"=  138",  and  0  =  6.87",  we  will 
have 

3i375  X  138^  (99,645  —  7,940—7,000)6.87/2 

which  makes  465,750  >  291,968,  and  the  windward  post  is  not  fixed. 

The  usual  solution  (Chapter  VIII)  would  therefore  assume  that 
the  end-posts  are  both  pin-connected  (free  to  turn  at  Lq),  and  the 
stress  due  to  bending  moment  calculated  on  that  assumption.  In  this 
case  the  maximum  bending  moment  will  occur  at  the  foot  of  the  portal 
knee  brace,  and  will  be  -Wi  =  3,375  X  276=931,500  in.-lbs. 
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Fig.  290. 


The  following  approximate  solution  appears  to  be  more  rational. 
The  resisting  moment  at  the  foot  of  the  windward  end-post  is 


// 


M^  =  (99^645  — 12,500  —  7,000) i  X  6.87 
=  275,280  m.-lbs. 


This  will  resist  a  bending  moment  of  an  equal  amount.  If  y^  is  the 
distance  from  the  foot  of  the  post  to  the  point  of  contra-flexure,  we 
will  have 

^•3'o  =  275>28o  in.-lbs.,  and  3^0  =  275,280/3,375  =  81.5"  =  6'  9^" 

The  maximum  bending  moment  will  be  M^  and  will  occur  at  the 
foot  of  the  portal  knee  brace,  and  will  be 

^^^1  =  3.375(276  — 81.5)  =3.375  X  194.5"  =  659312  in.-lbs. 

which  is  only  about  two-thirds  of  the  bending  moment  calculated  above. 
The  stress  due  to  wind  moment  in  the  windward  post  will  be 


/.- 
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J/j-^i  659,812  X  &' 


P'l^  (99,645  —  12,500  —  7,000)296.5' 


I F         17556—  o 

loE       '  ^  ^  10  X  28,000,000 

=  26,210  lbs.     (Length  /  =  378  — 81.5  =  296.5".) 
The  resisting  moment  at  the  foot  of  the  leeward  post  will  be 
//•jo  =  ^o=  (99*645  +  12,500  +  7,ooo)i  X  6.87"  =  409,260 .in.-lbs. 

and  3'o  =  409,260/3,375  =  121"  =  10'  i" 

The  bending  moment  at  the  foot  of  the  knee  brace  on  the  leeward 
side  will  be  Mi  =  3,375  (276 —  121)"  =  523,125  in.-lbs. 

The  stress  due  to  wind  moment  in  the  leeward  end-post  will  be 

/  ^_^r^i  _  523,125  X  &' 


j_P^  g_  (99,645  +  12,500  +  7,000)  257' 

loE        ^^'^  10x28,000,000 

=  +  21,200  lbs.     (Length  /  =  378 — 121=: 257".) 

Maximum  Fiber  Stresses. — The  maximum  fiber  stresses  due  to 
wind  and  direct  loading  in  the  windward  post  will  occur  at  the  foot  of 
the  portal  knee  brace,  and  will  be 

/i=  (65,520  +  34,i25)/i  1.92—  19,500/11.92  +  26,210 
=  +  8,360 —  1,640  +  26,210=  +  32,930  lbs. 

The  maximum  fiber  stress  due  to  wind  and  direct  loading  in  the 
leeward  post  will  occur  at  the  foot  of  the  portal  knee  brace,  and  will  be 
A  =  (65,520 +  34,125)/!  1.92  + 19,500/11.92  +  21,200 

=  +  8,360  +  1,640  +  21,200=  +  31,200  lbs. 

The  allowable  stress  when  the  wind  is  considered  may  be  25  per  cent 
in  excess  of  that  allowed  for  dead  and  live  loads  =  6,760  X  1-25  =8,450 
lbs.  (§46). 

The  efficiency  of  the  windward  post  =  8,450/32,930  =  0.267. 

The  efficiency  of  the  leeward  post  =  8,450/31,200  =  0.287. 

TOP  CHORDS.  TOP  CHORD  UjU^.— The  member  is  com- 
posed of  2  [s  10"  @  15  lbs.  and  i  pi.  12"  X  J"  X  20'  o^"  long.  The 
length  is  240^".  Thickness  of  web  =  0.24"  (thickness  should  not  be 
less  than  0.25").  Properties  of  the  sections  are  the  same  as  for  L^U^, 
Area  =11.92  sq.  in.;  72=192.73"*;  r2  =  4,02". 
h  =  175-56"*  \r,  =  3.84" ;  e  =  0.54". 
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Direct  Longitudinal   Stress. — Length   of  member  =  240^",   and 

//r= 240.5/3.84  =  63. 
Maximum  live  load  stress  = -4- 72,000  lbs. 
Dead  load  stress  =  +  37>500  lbs. 

Direct  wind  load  stress       =  +   9,000  lbs. 

Allowable  Stresses, — 
For  live  loads  (§37a),    Px=  12,000—  55- l/r=  8,535  lbs. 
For  dead  loads  (§373), Pi)  =24,000 — 1 10 •//r=  17,070  lbs. 
Area  required  to  take  live  load  stress  =  72,000/8,535   =   8.44  sq.  in. 
Area  required  to  take  dead  load  stress  =  37,500/17,070=   2.i9sq.  in. 

Total  area  required  for  dead  and  live  loads  =  10.63  sq.  ^^• 

Average  allowable  unit  stress  for  dead  and  live  loads  =109,500/10.63 

=:  10,300  lbs. 
Actual  stress  due  to  dead  and  live  loads  =  109,500/1 1.92  ==9,200  lbs. 
Efficiency  for  dead  and  live  loads  =  10,300/9,200=  1.12. 
The  direct  wind  load  is  less  than  25  per  cent  of  the  dead  and  live 

stresses  and  may  be  neglected  (§46). 

Stress  Due  to  Weight  of  Member. — The  total  weight  of  the  mem- 
ber is  1,026  lbs  (Chapter  XXI).     The  bending  moment  is 

M,  =  iW4  =  iX  1,026  X  24oi" 

M,'j^,        I  X  1,026  X  240.5'' X  3.96^'        ,  /;a.  iKe 
7„  = 0-72  = — =-^  *=  +  005  lbs. 

/-—      iQ2rz     ^Q9>5oox  240.5 

24^        9  •73       24  X  28,000,000 

stress  in  the  upper  fiber. 

The  stress  in  the  lower  fiber  is 

/«,'  =  —  6.29/3.96  X  665  =—  1,030  lbs: 

Stress  Due  to  Eccentric  Loading. — The  eccentricity  =  0.54". 

j/;ji     109,500  X  0.54"  X  3.96"  . 

f  =  — -^^2  =  — ^-^ ' ^~ 2  =  —  1 ,220 lbs.  m  upper  fiber. 

/-— -      iQ^^^_7Q9>50ox  240.5 
24^        9  '73      24  X  28,000,000 

The  stress  in  the  lower  fiber  is 

/c  =  6.29/3.96  X  1,220  =  +  1,940  lbs. 
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The  maximum  compressive  stress  due  to  weight  of  member  and 
eccentric  loading  is  in  the  lower  fiber,  and  is 

/i  =  /«+/e  =  — 1,030+1,940=4-910  lbs. 

This  stress  is  less  than  10  per  cent  of  the  allowable  stress  for  dead  and 
live  loads  and  may  be  neglected  (§48). 

TOP  CHORD  UjUs.— The  member  is  composed  of  2  [s  10"  @  15 
lbs.  and  i  pi.  12"  X  i"  X  20'  oi"  long.  Length  =  240^".  The  thick- 
ness of  the  web  =  0.24"  (thickness  should  not  be  less  than  0.25"). 
The  properties  of  the  section  are  the  same  as  for  end-post  LqU^, 

Area=  1 1.92  sq.  in. ;  7^  =  192.73"* ;  ra  =  4.02" ;  I^  =  175.56"* ; 
»'i  =  3-84";  ^  =  0.54". 

Direct  Longitudinal  Stress. — Length  of  member  =  240 J",  and 
//r= 240.5/3.84  =  63. 

Maximum  live  load  stress  =4- 90,000  lbs. 
Dead  load  stress  =  +  46,875  lbs. 

Direct  wind  load  stress        =-{-7,310  lbs. 

Allowable  Stresses. — 

For  live  loads  (§37a),    Pl=  12,000—  55' t/r=  8,535  lbs. 

For  dead  loads  (§  37a), Fd  =  24,000 — iio-//r=  17,070  lbs. 

Area  required  to  take  live  load  stress  =  90,000/8,535   =  10.55  sq.  in. 

Area  required  to  take  dead  load  stress  =  46,875/17,070=  2.75  sq.  in. 

Total  area  required  for  dead  and  live  loads  =  13.30  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  136,875/13-30=10,300  lbs. 
The  actual  unit  stress  due  to  dead  and  live  loads  =  136,875/11.92 

=  11,400  lbs. 
The  efficiency  of  the  member  for  dead  and  live  loads  =  10,300/11,400 

==  0.90. 
The  direct  wind  load  stress  is  less  than  25  per  cent  of  the  allowable 

stresses  for  dead  and  live  loads  and  may  therefore  be  neglected 

(§46). 

Stress  Due  to  Weight  of  Member. — The  total  weight  of  the  mem- 
ber=  1,026  lbs.  (Chapter  XXI).  The  bending  moment,  M^  =  ilV'l 
=  J  1026  X  240.5", 
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J/.Ji       |x  1,026  X  240.5  X  3.96^^ 
•^-  =  7^^=  ,36.875  X  240.5*-  +  ^^5  lbs. 


I  i  12E      ^  '^      32x28,000,000 


in  the  upper  fiber. 

Stress  in  the  lower  fiber  is 

/«,' = — 6.29/3.96  X  665  =  —  1 ,030  lbs. 

Stress  Due  to  Eccentric  Loading. — The  eccentricity  =  0.54".    The 
eccentric  load  =  136,875  —  109,500  =  27,375  lbs. 

M^  -y^  27,375  X  O.S4  X  3-96'^  ^^^iKc 

•^•~"        /^./»~"  136,87s  X  240.5*""""  320  A»^s. 


I n        192.73 s 

I2E  ^     '^         32x28,000,000 


in  upper  fiber. 

The  stress  in  the  lower  fiber  is 

//  =  6.29/3.96  X  320  =  +  5  ro  lbs. 

The  maximum  compressive  stress  due  to  weight  of  member  and 
eccentric  loading  is  in  the  upper  fiber,  and  is 

/i=/ic  +  /e=  +  665  — 320  =  4-345  lbs. 

This  stress  is  less  than  10  per  cent  of  the  allowable  stress  for  dead 
and  live  loads  and  may  therefore  be  neglected  (§48). 

TOP  CHORD  U3U4.— The  member  is  composed  of  2  [s  10"  @  15 
lbs.  and  i  pi.  12"  X  i"  X  20'  o.^"  long.  Length  of  member  =  240.5". 
The  thickness  of  the  web  =  0.24"  (thickness  should  not  be  less  than 
0.25").  The  properties  of  the  section  are  the  same  as  for  the  end- 
post  LoC/j. 

Area  =:  11.92    sq.    in.;   /2=  192.73"*;   r2  =  4.02";   A  =  175.56"*; 

^1  =  3-84";  ^  =  0-54". 

Direct   Longitudinal  Stress. — Length  of  member =240.5",  and 

//r  =  63. 

Maximum  live  load  stress  =  + 96,000  lbs. 
Dead  load  stress  =  +  50,000  lbs. 

Direct  wind  load  stress      =+    5,600  lbs. 

Allowable  Stresses, — 
For  live  loads  (§37a),    P£  =  12,000—  55''A=  8,535  lbs. 
For  dead  loads  (§  37a), Pd=  24,000— no. //r=  17,070  lbs. 
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Area  required  to  take  live  load  stress  =  96,000/8,535   =ii.25sq.  in. 
Area  required  to  take  dead  load  stress  =  50,000/17,070=   2.92  sq.  in. 

Total  required  area  for  dead  and  live  loads  =14.17  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  146,000/14.17=  10,300  lbs. 
The  actual  unit  stress  due  to  dead  and  live  loads  =  146,000/11.92 

=  12,200  lbs. 
The  efficiency  of  the  member  for  dead  and  live  loads  =  10,300/12,200 

=  0.84. 
The  direct  wind  load  stress  is  less  than  25  per  cent  of  the  allowable 

stresses  for  dead  and  live  loads,  and  therefore  may  be  neglected 

(§46). 

Stress  Due  to  Weight  of  Member. — The  total  weight  of  the  mem- 
ber=  1,026  lbs.  (Chapter  XXI). 

M.-y^        ^x  1.026x240.5^^x3.96^^ 
•^-='7— PT* 146,000  X240.5»='+ ^^5  lbs. 

^2£        ^    ^^      32x28,000,000 
in  upper  fiber. 

The  stress  in  the  lower  fiber  due  to  weight  of  member  is 

/«,'  =  —  6.29/3.96  X  665  =  —  1 ,030  lbs. 

Stress  Due  to  Eccentric  Loading. — The  eccentricity  =  0.54".    The 
eccentric  load  =146,000 — 136,875  =  9,125  lbs. 

M.-y,    _     9,125x0.54^^x3-96^^     _       . ^^ ,, 

r_^'^  146,000x240.5 

32^        9  -/S  "^  32  X  28,000,000 
in  upper  fiber. 

The  stress  in  the  lower  fiber  is 

/e' =  6.29/3.96  X  107=:+  170  lbs. 

The  maximum  fiber  stress  due  to  weight  of  the  member  and  eccen- 
tric loading  is  in  the  upper  fiber,  and  is 

/i=/«'  +  /e  =  +  66s  — io7  =  +  5s8  lbs. 

This  stress  is  less  than  10  per  cent  of  the  allowable  stress  for  dead 
and  live  loads  and  may  be  neglected  (§48). 
31 
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TENSION  MEMBERS.  LOWER  CHORD  LoL^.— The  mem- 
ber is  composed  of  2  eye-bars  2i"Xf"X^  o''.  Total  area  =  2" 
X  2.19"  =  4.38  sq.  in. 

Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§  36a)  =  12,500  lbs. 

Allowable  dead  load  unit  stress  (§36a)  =25,000  lbs. 

Maximum  live  load  stress  =  —  42,000  lbs. 

Dead  load  stress  =  —  21,875  l^^s. 

Maximum  wind  load  compression  =  + 41*285  lbs. 
Maximum  wind  load  compression  for  dead  loads  =  +  29,000  lbs. " 

Maximum  wind  load  tension  = — 12,300  lbs. 

There  is  a  reversal  of  stress  for  dead  loads  of  +29,000  —  21,875 
=  4-7,125  lbs.     No  provision  is  made  for  this  reversal  of  stress,  and 
the  compression  will  have  to  be  taken  by  the  floor  system. 
Area  required  to  take  live  load  stress  =  42,000/12,500  =  3.36  sq.  in. 
Area  required  to  take  dead  load  stress  =  21,875/25,000  =  0.88  sq.  in. 

Total  area  required  for  dead  and  live  loads  4.24  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  63,875/4.24  =  1 5,060  lbs. 
Actual  unit  stress  due  to  dead  and  live  loads  =  63,875/4.38  =  14,650  lbs. 
The  efficiency  for  dead  and  live  loads  =  15,060/14,650=  1.03. 

Stress  Due  to  Ek:ccntricity. — None. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  f^  =  660  lbs.  per  sq.  in. 

The  stress  due  to  weight  of  the  member  and  eccentricity  are  less 
than  10  per  cent  of  the  allowable  stress  for  dead  and  live  loads,  and 
may  be  neglected  (§48). 

Wind  Load  Stresses. — The  maximum  wind  load  tension  is  — 12,300 
lbs.,  which  is  less  than  25  per  cent  of  the  allowable  dead  and  live  load 
stress  and  may  be  neglected  (§46). 

Lower  chords  L^L^  should  be  made  stiff  members. 

LOWER  CHORD  LiLg. — The  member  is  composed  of  2  eye-bars 

^i  X  i"  X  20'  o".  This  member  has  the  same  dimensions  as  L^Lj, 
and  the  dead  and  live  load  stresses  are  the  same.  The  wind  load 
stresses,  however,  are  different. 
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Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§  36a)  =  12,500  lbs. 

Allowable  dead  load  unit  stress  (§36a)  =25,000  lbs. 

Maximum  live  load  stress  = — 42,000  lbs. 

Dead  load  stress  = — 21,875  lbs. 

Maximum  wind  load  compression  =  +  63,260  lbs. 

Dead  wind  load  compression  =  +  42,200  lbs. 

Maximum  wind  load  tension  =  —  41,285  lbs. 

There  is  a  reversal  of  stress  for  dead  loads  of  +42,200  —  21,875 
=  +  20,325  lbs.,  while  the  maximum  live  and  dead  load  stresses  are 
nearly  neutralized  by  the  maximum  wind  load  compression.  No  pro- 
vision is  made  for  reversal  of  stress,  and  the  compression  will  either 
be  taken  by  the  floor  system  or  will  buckle  the  lower  chord,  producing 
arch  action  in  the  upper  chord. 

Area  required  to  take  live  load  stress  =  42,000/12,500  =  3.36  sq.  in. 
Area  required  to  take  dead  load  stress  =  21,875/25,000^  0.88  sq.  in. 

Total  area  required  for  dead  and  live  loads  =4.24  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  63,875/4.24=15,060  lbs. 
Actual  unit  stress  for.  dead  and  live  loads  =  63,875/4.38=  14,650  lbs. 
The  efficiency  for  dead  and  live  loads  =  15,060/14,650=  1.03. 

Stress  Due  to'Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /«,==66o  lbs.  per  sq.  in. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  weight  and  eccentric  loading  is  less  than  10  per 
cent  of  the  allowable  stress  for  dead  and  live  loads,  and  may  be 
neglected  (§48). 

Wind  Load  Stresses. — The  maximum  wind  load  tension  is  —  41,285 
lbs.,  and  must  be  considered,  since  it  is  more  than  25  per  cent  of  the 
allowable  stress  for  dead  and  live  loads  (§46). 

The  actual  stress  when  wind  is  considered  is 

—  42,000/4.38  — 21,875/4.38  — 41,285/4.38  =  — 24,100  lbs. 

The  allowable  average  unit  stress  for  dead  and  live  loads  =  15,060 
lbs.,  to  which  may  be  added  25  per  cent  when  wind  loads  are  considered 
(§46)  =  15,060  X  1.25  =  18,825  lbs. 

The  efficiency  of  the  member  when  wind  is  considered  is 

18,825/24,100  =  0.78 
Lower  chords  L^L^  should  be  made  stiff  members. 
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LOWER  CHORD  L2L3. — The  member  is  composed  of  2  eye-bars 
3i"  XWX  20'  o".     The  total  area  =  2"  X  3.28"  =  6.56  sq.  in. 

Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§  36a)  =  12,500  lbs. 

Allowable  dead  load  unit  stress  (§  36a)  =25,000  lbs. 

Maximum  live  load  stress  =  —  72,000  lbs. 

Dead  load  stress  =  —  37>500  lbs. 

Maximum  wind  load  compression  =  +  80,965  lbs. 
Maximum  wind  load  compression  for  dead  loads  =  +  54,640  lbs. 

Maximum  wind  load  tension  =  —  67,760  lbs. 

There  is  a  reversal  of  stress  for  dead  load  of  — 37i500  +  54*640 
=  +  17,140  lbs.  No  provision  is  made  for  this  reversal  and  the  com- 
pression will  be  taken  by  the  floor  system,  or  the  truss  will  act  as 
an  arch. 

Area  required  to  take  live  load  stress  =  72,000/12,500  =  5.76  sq.  in. 
Area  required  to  take  dead  load  stress  =  37,500/25,000  =1.50  sq.  in. 

Total  area  required  for  dead  and  live  loads  =7.26  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  109,500/7.26=15,060  lbs. 

The  actual  unit  stress  for  dead  and  live  loads  =  109,500/6.56=16,700 

lbs. 
The  efficiency  for  dead  and  live  load  stresses  =15,060/16,700  =  0.90. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /^  =  8oo  lbs.  per  sq.  in. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  the  weight  of  the  member  and  the  eccentric  load- 
ing of  the  member  is  less  than  10  per  cent  of  the  allowable  stress  for 
dead  and  live  loads,  and  may  be  neglected  (§48). 

Wind  Load  Stresses. — The  maximum  wind  load  tension  = — 67,760 
lbs.  and  must  be  considered.  The  maximum  unit  stress  due  to  wind  and 
dead  and  live  loads  =  —  67,760/6.56 — 37,500/6.56  —  72,000/6.50==* 
—  27,000  lbs.  The  allowable  average  stress  for  dead  and  live  loads  is 
15,060  lbs.,  to  which  may  be  added  25  per  cent  when  wind  loads  are 
considered  =  1 5,060  X  1.25=: — 18,825  lbs.  (§46). 

The  efficiency  of  the  member  when  wind  is  considered  is 

=  18,825/27,000= 0.70. 
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(It  is  not  usual  to  make  more  than  two  panels  of  the  lower  chord 
stiff  members.  The  compression  due  to  dead  load  wind  will  doubtless 
be  resisted  by  the  floor  system.) 

LOWER  CHORD  LgL^. — The  member  is  composed  of  4  eye-bars 
3"  X  W  X  2&  o".     The  total  area  =  4"  X  2.06"  =  8.24  sq.  in. 

Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§  36a)  =  12,500  lbs. 

Allowable  dead  load  unit  stress  (§  36a)  =25,000  lbs. 

Maximum  live  load  stress  =  —  90,000  lbs. 

Dead  load  stress  = — 46,875  lbs. 

Maximum  wind  load  compression  =  +  88,060  lbs. 
Maximum  wind  load  compression  for  dead  loads  =  +  59,980  lbs. 

Maximum  wind  load  tension  =  —  83,665  lbs. 

There  is  a  reversal  for  dead  loads  of  —  46,875  +  59>98o=  +  13,105 
lbs.     No  provision  is  made  for  this  stress. 

Area  required  to  take  live  load  stress  =  90,000/12,500  =  7.200  sq.  in. 
Area  required  to  take  dead  load  stress  =  46,875/25,000=  1.875  sq.  in. 

Total  area  required  for  dead  and  live  loads  =  9.075  sq.  in. 

The  average  allowable  unit  stress  for  dead  and  live  loads 

=  136,875/9-075  =  i5»o6o  lbs. 
The  actual  unit  stress  due  to  dead  and  live  loads 

=  136,875/8.24=16,600  lbs. 

The  efficiency  of  the  member  for  dead  and  live  loads 

=  15 ,060/ 1 6,600  =  0.90. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /«,  =  800  lbs.  per  sq.  in. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  weight  and  eccentric  loading  is  less  than  10  per 
cent  of  the  allowable  stress  for  dead  and  live  loads,  and  may  be  neglected 

(§48)- 

Wind  Load  Stress. — The  maximum  wind  load  tension  =  —  83,665 
lbs.,  which  is  more  than  25  per  cent  of  the  allowable  dead  and  live  loads 
and  must  be  considered  (§  46).  The  maximum  unit  stress  due  to  wind, 
dead  and  live  loads  =  —  83,365/8.24  —  46,875/8.24  —  90,000/8.24  = 
26,750  lbs.     The  ayerage  allowable  unit  stress  for  dead  and  live  loads 
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is  15,060  lbs.,  to  which  25  per  cent  may  be  added  when  wind  loads  are 
considered  (§46)  =  15,060  X  1.25  =  —  18,825  lbs. 

The  efficiency  of  the  member  when  wind  is  considered 

=  18,825/26,750  =  0.70. 

MAIN  TIE  UiLj. — The  member  is  composed  of  2  eye-bars 
2\"  X  r  X  31'  3  A"-     The  total  area  =  2"  X  2.18"  =4.36  sq.  in. 

Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§36a)  =12,500  lbs. 

Allowable  dead  load  unit  stress  (§36a)  =25,000  lbs. 

Maximum  live  load  stress  =  —  49,140  lbs. 

Deal  load  stress  =  —  24,375  lbs. 

Minimum  live  load  stress  =+    2,340  lbs. 

The  wind  load  stress  is  equal  to  2,160/7,500  part  of  the  dead  load 
stress,  which  is  less  than  25  per  cent  of  the  dead  and  live  load  stress, 
and  may  be  neglected  (§46). 

Area  required  to  take  live  load  stress  =  49,140/12,500  =  3.93  sq.  in. 
Area  required  to  take  dead  load  stress  =  24,375/25,000  =  0.98  sq.  in. 

Total  area  required  for  dead  and  live  loads  =4.91  sq.  in. 

Average  allowable  unit  stress  for  dead  and  live  loads  =  73,51 5/4.91 

=  15,000  lbs. 
Actual  unit  stress  due  to  dead  and  live  loads  =  73,515/4.36=  16,800  lbs. 

The  efficiency  for  dead  and  live  loads  =  15,000/16,800  =  0.90. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /»  ==  665  X  sin  ^  =  665  X  0.645  =  429  lbs. 

Stress  Due  to  Eccentric  Lioading. — None. 

The  stress  due  to  weight  is  less  than  10  per  cent  of  the  allowable 
stress  for  dead  and  live  loads,  and  may  be  neglected  (§48). 

MAIN  TIE  UgLg. — The  member  is  composed  of  2  eye-bars 
2i"  X  r'  X  31'  3 A".    The  area  =  2"  X  1.88"  =  3.76  sq.  in. 

Longitudinal  Stresses. — 

Allowable  live  load  unit  stress  (§36a)  =12,500  lbs. 

Allowable  dead  load  unit  stress  (§36a)  =25,000  lbs. 

Maximum  live  load  stress  =  —  35,100  lbs. 

Dead  load  stress  = — 14,625  lbs. 

Maximum  live  load  compression  =  +   7,020  lbs. 
The  wind  load  stress  is  nominal. 
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Area  required  to  take  live  load  stress  =  35,100/12,500  =  2.81  sq.  in. 
Area  required  to  take  dead  load  stress  =  14,625/25,000  =  0.59  sq.  in. 

Total  area  required  for  dead  and  live  loads  =  3.40  sq.  in. 

Average  allowable  unit  stress  for  dead  and  live  loads  =  49,725/3.40 

=  — 14,600  lbs. 
Actual  unit  stress  for  dead  and  live  loads  =  49,725/3.76  =  — 13,200  lbs. 

Efficiency  for  dead  and  live  loads  =14,600/13,200=  1.06. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /«,  =  85o  X  sin  ^  =  850  X  0.645  =  550  lbs. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  weight  and  eccentric  loading  is  less  than  10  per 
cent  of  the  allowable  stress  for  dead  and  live  loads,  and  may  be  neglected 

(§48). 

MAIN  TIE  UgL^. — The  member  is  composed  of  2  eye-bars 
2"  X  i"  X  31'  3^".     The  total  area  =  2"  X  i.oo"  =  2.oo  sq.  in. 

Longitudinal  Stresses. — 

Allowable  unit  stress  for  live  loads  (§36a)  =12,500  lbs. 
Allowable  unit  stress  for  dead  loads  (§  36a)  =25,000  lbs. 
Maximum  live  load  stress  =  —  23,400  lbs. 

Dead  load  stress  = —  4,875  lbs. 

Maximum  live  load  compression  =0 

The  wind  load  stress  is  nominal. 

Area  required  to  take  live  load  stress  =  23,400/12,500  =1.87  sq.  in. 
Area  required  to  take  dead  load  stress  =  4,875/25,000  =  0.20  sq.  in. 

Total  area  required  for  cfead  and  live  loads  =2.07  sq.  in. 

Average  allowable  stress  for  dead  and  live  loads  =  28,275/2.07  =  — 

13,700  lbs. 
Actual  unit  stress  for  dead  and  live  loads  =  28,275/2.00  =14,138  lbs. 

The  efficiency  for  dead  and  live  loads  =  13,700/14,138  =  0.92. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /«,  =  650  X  sin  ^  =  650  X  0.645  =420  ll>s. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  weight  and  eccentric  loading  is  less  than  10  per 
cent  of  the  allowable  stress  for  dead  and  live  loads,  and  may  be  neglected 
(§48). 

COUNTER  TIE  UgL,.— The  member  is  composed  of  i  rod 
f"  sq,  X  31'  3i^"-  This  member  carries  no  stress  and  need  not  be 
considered. 
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COUNTER  TIE  U^Lj.— The  member  is  composed  of  2  bars  i" 
sq-  X  31'  3i^r"*    The  total  area  =  2"  X  i"  =  2.oo  sq.  in. 

Longitudinal  Stresses. — 
Allowable  live  load  unit  stress  (§36a)        =12,500  lbs. 
Allowable  dead  load  unit  stress  (§36a)        =25,000  lbs. 
Maximum  live  load  stress  = —  9*165  lbs. 

Dead  load  stress  =0 

Wind  load  stress  =0 

Area  required  =  9,165/12,500  =  0.73  sq.  in. 
Allowable  unit  stress  =  12,500  lbs. 

Actual  unit  stress  =9,165/2.00=  4,580  lbs. 
Efficiency  for  dead  and  live  loads  =  12,500/4,580  =  2.74. 

Stress  Due  to  Weight. — From  the  diagram  in  Fig.  107  the  stress 
due  to  weight  is  /^  =  1,000  X  sin  ^=  1,000  X  0.645  =  645  lbs. 

Stress  Due  to  Eccentric  Loading. — None. 

The  stress  due  to  weight  and  eccentric  loading  is  less  than  10  per 
cent  of  the  allowable  stress  for  dead  and  live  loads,  and  may  be  neglected 
(§48). 

HIP  VERTICAL  UiL^.— The  member  is  made  of  two  parts. 
The  upper  part  is  composed  of  2  bars  f "  sq.  X  19'  7i"  long ;  the  lower 
part  of  2[s  6"  @  8  lbs.  X  6'  si"  long. 

A.  UPPER  PART.— The  total  area  =  2"  X  0.765"  =  1.53  sq.  in. 

Longitudinal  Stresses. — 

Allowable  unit  stress  for  live  loads  (§36a^  =  12,500  lbs. 
Allowable  unit  stress  for  dead  loads  (§36a)  =25,000  lbs. 
Maximum  live  load  stress  = — 14,400  lbs. 

Dead  load  stress  = —   7,500  lbs. 

Wind  load  stress  =0 

Area  required  to  take  live  load  stress  =  14400/12,500=1.15  sq.  in. 
Area  required  to  take  dead  load  stress  =   7,500/25,000  =  0.30  sq.  in. 

Total  area  required  for  dead  and  live  loads  =  1.45  sq.  in. 

Average  allowable  unit  stress  for  dead  and  live  loads  =  21,900/145 

=  15,100  lbs. 
Actual  unit  stress  for  dead  and  live  loads  =  21,900/1.55  =  14,300  lbs. 
The  efficiency  for  dead  and  live  loads  =  15,100/14,300=  1. 06. 

Stress  Due  to  Weight. — None. 

Stress  Due  to  Eccentric  Loading. — None. 
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B.  Lower  Part. — The  gross  area  of  the  section  =  2"  X  2.38'' 
=  4.76  sq.  in.  The  thickness  of  the  web  =  0.20"  (thickness  should  not 
be  less  than  0.25").  The  thickness  of  the  flange  at  the  center  of  the 
rivet  hole  =  (approximately)  (0.49" +  0.20") /2  =  0.35".  Rivets  are 
%"  diameter ;  holes  \%"  diameter ;  J"  diameter  to  be  deducted  in  obtain- 
ing net  area  (Table  XXXII). 

The  required  net  section  for  tension  =  1.45  sq.  in.,  the  same  as  for 
the  upper  part.  The  net  area  through  the  pin  hole  must  not  be  less 
than  1.45  X  1.25  =  1. 8 1  sq.  in.  (Specifications,  §75). 

Pin  Ml.  —  Area  through  the  pin  =:  (4.76 -f  300)  —  (2^^  X  2  X 
0.45)  —  (4  X  f  X  0.35)  =4.10  sq.  in.,  which  is  sufficient. 

The  required  area  back  of  the  pin  must  not  be  less  than  75  per  cent 
of  the  required  area  through  the  pin  (§75).  The  actual  area  back  of 
the  pin  ==2(3^" — lii")  Xo.45"  =  2.oo  sq.  in.  Required  area  back 
of  the  pin  =  1.81"  X  0.75"=  1.38  sq.  in.  The  area  back  of  the  pin  is 
sufficient. 

Pin  L^. — The  area  through  the  pin  hole=  (4.76  +  3.00)  — 4(0.35 
XI)  —  (2H  X  2  X  04s)  =  5-21  sq.  in.,  which  is  sufficient.  The  area 
back  of  the  pin  is  more  than  sufficient. 

CHORD  PINS,  PIN  Lo.— The  pin  is  3 A"  diameter;  grip  12"; 
length  I4i". 
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Fig.  291.    Pin  Lo. 


Bending  Moment,  (a)  Not  Considering  Wind  Stress, — In  Fig. 
291  the  stresses  in  (b)  are  the  total  dead  and  live  load  stresses,  while  the 
stresses  in  (a)  are  the  stresses  taken  by  the  metal  on  one  side  of  the 
member  only.  For  an  explanation  of  the  method  of  calculation  of  the 
stresses  in  pins,  see  Chapter  VIII. 

Horizontal  Components, — 
Bending  moment  at  2  =  0. 
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Bending  moment  at  3  =  31,937  X  0.93"  =  29,700  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  5  =  38,325  X  1.82"  =  69,950  in.-lbs. 
Bending  moment  at  6  =  38,325  X  2.75"  —  38,325  X  0.93"  =  69,950 

in.-lbs. 
The  total  moment  at  2  and  5  =  69,950  in.-lbs. 

The  total  moment  at  3  and  6=  V  29,700  +  69,950  =  76,000  in.-lbs. 
The  allowable  bending  moment  for  a  fiber  stress  of  20,000  lbs.  per 
sq.  in.  =  M=:5*-//c=(20,ooo  X  %4d*)/(d/2)  =63,650  in.-lbs. 
(Table  XXXIV). 
The  efficiency  for  dead  and  live  loads  =  63,650/76,000  =  0.837. 

(b)  Considering  Wind  Stresses. — Pin  L^  in  the  leeward  end-post 
will  have  maximum  stresses,  and  will  be  investigated. 
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In  Fig.  292  the  stress  in  LoC/i  =  -f  65,520 -f  34,135 -f  12,500 
-f  7,000  =  119, 1 50  lbs.  The  stress  in  LJ^^  = — 42,000  —  21 ,875  —  7,800 
—  4,500  =  —  76,175  lbs.  The  pedestal  reaction  =  91,650  lbs.  It  is 
necessary  to  consider  the  entire  length  of  the  pin  as  shown  in  Fig.  292. 
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From  Fig.  290  in  the  discussion  of  the  end-post  it  will  be  seen  that 
when  3fjj  =  6'  9^",  the  resisting  moment  il/o  =  the  bending  moment  M^, 
which  requires  that  the  end-post  LqU^  have  a  zero  bearing  on  the  wind- 
ward side  of  the  member,  points  5  and  11.  The  total  stress  in  L^Uj^ 
will  then  be  carried  at  points  2  and  8,  and  will  be  as  shown  in  Fig.  292. 
Taking  moments  about  12,  Fig.  292,  we  get  the  vertical  pedestal 
reaction  at  7  =  75,760  lbs.,  and  taking  moments  about  7  the  pedestal 
reaction  at  12=15,890  lbs.  Taking  moments  about  4  the  stress  in 
LqLi  at  3  =  90,340  lbs.,  and  taking  moments  about  3  the  stress  in  L^Lj 
at  4=  14,165  lbs.,  the  stresses  acting  in  opposite  directions,  as  shown. 

Horizontal  Components, — 
Bending  moment  at  2  =  o. 

Bending  moment  at  3  =  76,175  X  0.93"  =  70,840  in.-lbs. 
Bending  moment  at  4  =  76,175  X  5-93"  —  90,340  X5.oo"  =  o  in.-lbs. 

Vertical  Components. — 
Bending  moment  at   8  =  75,760  X  1.82"=  137,900  in.-lbs. 
Bending  moment  at   9  =  75,760  X  2.75"  —  91,650  X  0.93"  =  123,000 

in.-lbs. 
Bending  moment  at  1 2  =  o. 
The  maximum  bending  moment  is  at  point  3  and  9 

=s  1/70,840* -f-  123,000*=  142,000  in.-lbs. 

When  the  wind  stress  is  considered  the  allowable  bending  moment 
for  dead  and  live  loads  may  be  increased  25  per  cent  (§46)  =63,650 
X  1.25  =  79,560  in.-lbs. 

The  efficiency  considering  wind  =  79,560/142,000  =  0.56. 

Note. — ^The  pin  is  too  small  for  dead  and  live  loads.  It  should 
have  been  at  least  3f"  diameter  and  the  channels  should  have  been 
spaced  farther  apart,  i.  e.,  the  top  cover  plate  is  too  narrow. 

The  windward  eye-bar  in  L^L^  will  carry  a  dead,  live  and  wind 
load  =  90,340  lbs.,  which  will  give  a  fiber  stress  of  41,200  lbs.  per  sq. 
in.,  which  is  unsafe.  This  solution  does  not  consider  the  rigidity  of 
the  joint,  which  is  certainly  an  element  of  strength. 

Bearing  on  Pin  L©. — (i)  Bearing  of  the  End-post  LqU^  on  the 
pin.     (a)  Not  considering  zvind. 

Bearing  area  for  2  |"  pi.  =  2  X  S"  X  3 1'V"  =  2.40  sq.  in. 

Bearing  area  for  2  J"  pi.  =  2  X  i"  X  3fV"  =1.60  sq.  in. 

Bearing  area  for  2  10"  [s  @  15  lbs.  =  2  X  0.24"  X  3^"  =  i-53sq.  in. 

Total  bearing  area  =  5.53  sq.  in. 
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The  dead  and  live  load  stress  in  -^o^i  =  99>645  lbs. 

The  unit  bearing  stress  =  99,645/5.53  =  18,050  lbs.    The  allowable 

unit  bearing  stress  =  18,000  lbs.  (§  40a). 
Efficiency  for  dead  and  live  loads  =  18,000/18,050  =  0.998. 

(b)  Considering  Wind, — The  total  stress  conies  on  one-half  of  the 
bearing  area  and  unit  stress  =  1 19,500/2,765  =  43,200  lbs.  The  allow- 
able unit  bearing  stress  for  wind  stress  and  dead  and  live  load  stresses 
=:  18,000  X  1.25=: 22,250  lbs.  (§46). 

Efficiency  when  wind  loads  are  considered  =  22,250/43,200  =  0.50. 

(i)  Bearing  of  the  Pedestal  on  Pin  L^.  (a)  Not  Considering 
Wind. — Bearing  area  =  4  X  i"  X  3  A"  =  6. 37  sq.  in.  The  stress  in  the 
pedestal  =  76,650  lbs. 

Actual  bearing  stress  =  76,650/6.37  =  12,040  lbs. 
Allowable  bearing  unit  stress  =  18,000  lbs. 
Efficiency  for  dead  and  live  loads  =  18,000/12,040=  1.50. 

(b)  Considering  Wind, — The  maximum  stress  is  on  the  leeward 
side  ^75,650  lbs. 

Actual  unit  bearing  stress  =  75,650/3. 18  =  24,000  lbs. 
Allowable  bearing  stress  considering  wind=  18,000  X  1.25  =  22,500 

lbs.  (§46). 
Efficiency  considering  wind  =  22,500/24 ,000  =  0.936. 

(3)  Bearing  of  Lower  Chord  L^L^.     (a)  Not  Considering  Wind, 
— The  member  is  composed  of  2  eye-bars  2^"  X  I"  X  20'  o". 
The  bearing  area  =  2  X  f  X  3A"  =  5S8  sq.  in. 
The  maximum  stress  =  63,875   lbs.     The  actual  unit  bearing  stress 

=  63,875/5.58=10,900  lbs. 
Allowable  unit  bearing  stress  =  (14,650  X  4/3)  =  19,500  lbs.  (§  76). 
The  efficiency  =  19,500/10,900=  1.80. 

The  specifications,  §  76,  specify  that  pins  must  have  a  diameter  at 
least  equal  to  f  of  the  depth  of  the  largest  bar.  This  member  satisfies 
this  specification. 

(b)  Considering  Wind. — The  maximum  bearing  when  wind  is  con- 
sidered =  90,340  lbs.  Actual  unit  bearing  stress  =  90,340 -=- 2.7Q 
=  32,400  lbs.  The  allowable  bearing  stress  when  wind  is  considered 
=  19,500  X  1-25  =  24,375  lt>s.  The  bearing  is  not  sufficient  when  wind 
is  considered. 

Shear  in  Pin  Lo-     (a)  Not  Considering  Wind  (Fig.  291), 
Horisontal  Components, — 
Shear  between  i  &  2  =  0. 
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Shear  between  2  &  3  =  31, 937  l*>s. 
Shear  to  the  right  of  3  =  0. 

Vertical  Components, — 
Shear  between  4  &  5  =  38,735  lbs. 
Shear  between  5  &  6  =  0. 

The  maximum  shear  is  between  i  &  2  and  4  &  5,  and  =  38,375  lbs. 
Allowable  shear  =  area  of  3^"  pin  X  10,000  =  7,979  X  10,000 

=  79,790  lbs. 
Efficiency  for  shear  =  79,790/38,375  =  2.08. 

(b)  Considering  Wind  (Fig.  292). 

Horizontal  Components, — 
Shear  between  i  &  2  =  0  lbs. 
Shear  between  2  &  3  =  76,175  lbs. 
Shear  between  3  &  4=14,165  lbs. 

Vertical  Components. — 
Shear  between  7  &    8  =  75,760  lbs. 
Shear  between  8  &  12=15,890  lbs. 
The  maximum  shear  is  between  2  &  3  and  8  &  12  and 

=  ^76,175*  +  IS»890^  =  77,000  lbs. 
The  allowable  shear  for  wind  =:  79,790  X  1.25^99,740  lbs. 
Efficiency  =  99,740/77,000=  1.29. 

PIN  Ui.— The  pin  is  3  A"  diameter ;  grip  8J";  length  iij". 

Bending  Moment,     (a)  Maximum  Stress  in  End-post  L^U^  and 
Top  Chord  U^U^- — ^The  stresses  in  the  members  are  given  in  (b)  Fig. 
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Fig.  293.    Pin  Ut.    Maximum  Stresses  in  LdJ\  and  UxUt. 

293,  while  the  horizontal  and  vertical  components  and  the  distances 
between  centers  of  the  metal  composing  the  members  are  given  in  (a) 
Fig.  293  for  the  left  half  of  the  pin. 
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Horizontal  Components. — 

Bending  moment  at  i=o. 

Bending  moment  at  2  =  31,937  X  0.31"  =  9,900  in.-lbs. 

Bending  moment  at  3  &  4  =  31,937  X  1.50"  — 54i750  X1.19" 
=  33*960  in.-lbs. 

Vertical  Components, — 
Bending  moment  at  S=o. 

Bending  moment  at  7  =  38,325  X  150"  =  57,790  in.-lbs. 
Bending  moment  at  8=38,325  X  2.44^  —  27,375  X  0.94"  =  67,770 
in.-lbs. 


Maximum  bending  moment  is  at  4  and  8  and  =  1/33,960'  +  67,770' 

=  75,800  in.-lbs. 
The  allowable  bending  moment  for  a  3 A"  pin  (Table  XXXIV) 

=  63,650  in.-lbs. 
Efficiency  =  63,650/75,800  =  0.84. 
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Fig.  294.    Pin  C7i.    Maximum  Stress  in  t/iL*. 
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(b)  Maximum  Stress  in  Main  Tie  U^L^. — ^The  total  stresses  are 
given  in  (b)  and  the  horizontal  and  vertical  components  are  given  in 
(a)  Fig.  294. 

Horizontal  Components. — 
Bending  moments  at  1=0. 

Bending  moments  at  2  =  26,687X0.31"=  8,270  in.-lbs. 
Bending  moments  at  3  &  4  =  26,687  X  1.50"  —  50,250  X  1.19"=  19,770 
in.-lbs. 

Vertical  Components. — 
Bending  moment  at  5=0. 

Bending  moment  at  7  =  32,025  X  1.50"  =  48,038  in.-lbs. 
Bending  moment  at  8  =:  32,025  X  2.44"  —  28,275  X  0.94"  =  50430 
in.-lbs. 
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Maximum  bending  moment  is  at  4  and  S=V  19,770  +  50,430 

=  54,000  in.-lbs. 
Efficiency  =  63,650/54,000  =1.18. 

Bearing  on  Pin  Uj.  (i)  Bearing  of  End-post  LJJ^  on  Pin  U^, — 
The  maximum  bearing  occurs  with  maximum  stress  in  the  end-post 
and  the  top  chord. 

Bearing  area  of  2  ^"  pis.  =  2  X  iV"  X  3  A"  =  2.79  sq.  in. 

Bearing  area  of  2  ^''  pis.  =  2  X  A"  X  3  A"  ==  i-99  sq.  in. 

Bearing  area  of  2    i"  pis.  =  2  X    i"  X  3 A"  =  i-S9  sq.  in. 

Bearing  area  of  2  [s  10"  @  15  lbs.,  =  2  X  0.24"  X  3A"  =  i-53  sq.  in. 

Total  bearing  area  =  7.90  sq.  in. 

Maximum  bearing  stress  =  99,645  lbs. 
Actual  unit  bearing  stress  =  99,645/7.90  =12,620  lbs. 
Allowable  unit  bearing  stress  =18,000  lbs. 
Efficiency  =  18,000/12,620=  1.42. 

(2)  Bearing  of  the  Top  Chord  U^U^  on  the  Pin  U^. — The  maxi- 
mum bearing  stress  occurs  with  a  maximum  stress  in  the  top  chord. 
Bearing  area  of  2  i"  pis.  =:  2  X  i"  X  3A"  =  1-59  sq.  in. 
Bearing  area  of  4  f "  pis.  =:  4  X  f "  X  3  A"  =  4.78  sq.in. 
Bearing  area  of  2  [s  10"  @  15  lbs.  =  2  X0.24"  X  3A"=  i-S3sq.  in. 

Total  bearing  area  =  7.90  sq.  in. 

Maximum  bearing  stress  =  109,500  lbs. 
Actual  unit  bearing  stress=  109,500/7.90=  13,900  lbs. 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/1 3,900  =  i  .29. 

(3)  Bearing  of  Hip  Vertical  U^M^  on  Pin  U^, — Bearing  area  of 
2  r  bars  =  2  X  r  X  3A"  =  5.S8  sq.  in. 

Actual  unit  bearing  stress  =  21,900/5.58  =  3,920  lbs. 
Allowable  unit  bearing  stress  ==4/3(15,100)  =20,130  lbs.  (Specifica- 
tions, §76). 
Efficiency =20, 1 30/3,920=  5.10.  "■ 

The  pin  has  a  diameter  greater  than  f  the  depth  of  the  bar  and  is 
safe  (Specifications,  §76). 
'    (4)  Bearing  of  Main  Tie  U^L^  on  Pin  U^, — Bearing  area  of  2  bars 

2r  X  r  =  2  X  r  X  3iV'  =  5.25  sq.  in. 
Actual  unit  bearing  stress  ±=:  73,515/5.25  =  14,000  lbs. 
Allowable  unit  bearing  stress  =  4/3 (15,060)  =20,080  lbs.  (Specifica- 
tions, §76). 
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The  diameter  of  the  pin  is  greater  than  f  the  depth  of  the  bar 
(Specifications,  §76). 

Shear  on  Pin  Ui.     (a)  Maximum  Stress  in  LJU^  and   U^U^. 
Horizontal  Components. — 
Shear  between  i  &  2  =  31,937  lbs. 
Shear  between  2  &  3  =  22,813  lbs. 
Shear  between  3  &  4  =  0. 

Vertical  Components. — 
Shear  between  5  &  7  =38,325  lbs. 
Shear  between  7  &  8  =  10,950  lbs. 
Shear  between  8  &  8'  =  o. 
Maximum  shear  occurs  between  i  &  2  and  5  &  6  and 


=  ^31,937' +  38,325*  =  49,823  lbs. 

Allowable  shear  =  area  3^^"  pin  X  10,000  =  7.979  X  10,000  =  79,790 

lbs. 
Efficiency  =  79,790/49,823  =:  1.60. 

(b)  Maximum  Stress  in  UiL^.    Horizontal  Components. — 
Shear  between  i  &  2  =  26,687  It^s. 
Shear  between  2  &  3  =  23,563  lbs. 
Shear  between  3  &  4  =  0. 

Vertical  Components. — 
Shear  between  5  &  7  =32,025  lbs. 
Shear  between  7  &  8  =   3,750  lbs. 
Shear  between  8  &  8'  =  o. 
Maximum  shear  occurs  between  i  &  2  and  5  &  6  and 


=  1^26,687^+  32,025*  =  4^633  lbs. 

This  is  less  than  when  there  is  a  maximum  stress  in  the  end-post  and 
top  chord. 

PIN  Li.— The  pin  is  2H"  diameter;  grip  12J";  length  15J". 

Bending  Moment,     (a)  Wind  Not  Considered. — The  maximum 
moments  occur  with  maximum  stresses  in  L^L^  and  L^L^. 

Horizontal  Components. — 
Bending  moment  at  1=0. 

Bending  moment  at  2  =  31,940  X  0.94"  =  30,023  in.-lbs. 
Bending  moment  at  3  =  0. 
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The  vertical  components  are  transmitted  directly  to  the  hip  vertical 

and  produce  no  bending  in  the  pin. 
Maximum  bending  moment  in  the  pin  =  30,023  in.-lbs. 
Allowable  bending  moment  (Table  XXXIV)  =38,150  in.-lbs. 
Efficiency  for  dead  and  live  loads  =  38,150/30,023  =  1.27. 
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Fig.  295.    Pin  Li. 

(b)  Wind  Considered. — The  total  stresses  in  L^  and  Lg,  including 
wind,  =  —  42,000  —  21,875  —  41,285= —  105,160  lbs.,  of  which  52,580 
lbs.  comes  on  one  bar.     The  wind  stress  is  53.8  per  cent  of  the  dead 
and  live  load  stress  and  must  be  considered. 
Maximum  bending  moment  =  52,580  X  0.94  =  49400  in.-lbs. 
The  allowable  bending  moment  including  wind  moment  =  38,150  X  1*25 

=  47,690  in.-lbs. 
Efficiency  =  47,690/49,400  =  0.96. 

Bearing  on  Pin  Lj.  (i)  Bearing  of  L^L^  and  L^L^  on  Pin  L^. 
(a)  Wind  Not  Considered,— BtSirmg  area  of  2  bars  2^'  X  J"  =  2  X  T 
X  2i J"  =  4.73  sq.  in. 

Actual  unit  bearing  stress  =  63,875/4.73  =  13,500  lbs. 
Allowable  unit  bearing  stress  =  4/3  X  15,060  =  20,080  lbs.  (§76), 
Efficiency  =  20,080/ 1 3,500  =:  i  .50. 

(b)   Wind  Considered, — 
Actual  unit  bearing  stress  =  105,160/4.73  =  22,200  lbs. 
Allowable  unit  bearing  stress  =  4/3  X  15,060  X  1.25  =  25,080  lbs. 
Efficiency  =  25 ,080/22,200  =1.11. 

The  pin  has  a  diameter  greater  than  f  the  depth  of  the  bar  (Speci- 
fication §  76). 

Shear  on  Pin  L^.     (a"^   Wind  Not  Considered. — Maximum  shear 
=  31,940  lbs. 
32 
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Allowable  shear  on  the  pin  (§4oa)  =5.67  X  10,000=57,600  lbs. 
Efficiency  =  57,600/3 1 ,940  =  i  .80. 

(b)  Wind  Considered. — Maximum  shear  =  52,580  lbs. 
Allowable  shear  considering  wind  (§46)  =  57,600  X  1.25  =  72,000  lbs. 
Efficiency  =  72,000/52,580  =  i  .37. 

PIN  Mj. — The  pin  is  2{y  diameter;  grip  /';  length  11".    There 
are  no  wind  stresses  nor  horizontal  components. 

Bending  Moments. — Maximum  bending  moment  =  10,950  X  2.60" 
=  28,470  in.-lbs. 

Allowable  bending  moment  (Table  XXXIV)  =38,150  in.-lbs. 
Efficiency  =:  38,150/28,470  =  1.34. 
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Fig.  296.    Pin  Mi. 

Bearing  on  Pin  M^.     ( i )  Bearing  on  MyL^. — 
Bearing  area  of  2  J"  pis.  =  2  X  i"  X  ^W  =  i-34  sq.  in. 

Bearing  area  of  2  [s  6"  @  8  lbs.  =  2  X0.20"  X  2^1"=  i-o8  sq.  in. 

Total  bearing  area  =  2.42  sq.  in. 

Maximum  unit  bearing  stress  =  21,900/2.42  =  9,050  lbs 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/9,050  =  i  .99. 

(2)  Bearing  on  MJJ^, — Bearing  area  of  2  bars  J"  square  =  2  X  V 
X  2H"  =  470  sq.  in. 

Maximum  unit  bearing  stress  =  2 1,900/4.70  =  4,650  lbs. 
Allowable  unit  bearing  stress  =  4/3 (15,100)  =20,130  lbs.  (§  76), 
Efficiency  =  20,130/4,650  =  4.30. 

Shear  on  Pin  Mj. — 
Maximum  shear  =  10,950  lbs. 
Allowable  shear  =57,600  lbs. 
Efficiency  =  57,600/10,950  =  5.25. 
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PIN  L,.— The  pin  is  3 A"  diameter ;  grip  13^';  length  I5f". 

Bending  Moment.     ( i )  Maximum  Stress  in  Lower  Chords  L^L^ 
and  LJL^,     (a)  Wind  Not  Considered. 
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Fig.  297.    Pin  L%,    Maximum  Stresses  in  Lower  Chords. 

Horizontal  Components, — 
Bending  moment  at  2  =:  31,938  X  0.96"  =  30,660  in.-lbs. 
Bending  moment  at  3  =  31,938  X  2.86"  —  54,750  X  1.90"  =  12,680 

in.-lbs. 
Bending  moment  at  4  =  3 1 ,938  X  3-84"  —  54,75^  X  2.88"  =  35,000 

in.-lbs. 

Vertical  Components, — 
Bending  moment  at  7  =  0. 
Bending  moment  at  8  =  27,375  X  0.98^  =  26,830  in.-lbs. 


Maximum  bending  moment  is  at  4  and  8  and  =  ^35,000*  -|-  26,830^ 

=  44,000  in.-lbs. 
Allowable  bending  moment  on  a  3^"  pin  (Table  XXXIV)  =63,650 

in.-lbs. 
Efficiency  =  63,650/44,000  =  1.44. 

(b)  Wind  Considered. — The  maximum  stress  in  LJL^  due  to  wind 
-f  dead  +  live  load  =:  105,160  X  i  =  52,580  lbs.  The  maximum  stress 
in  LJL^  =  ly 7,260  X  i  =  88,630  lbs. 

Horizontal  Components, — 
Bending  moment  at  2  =  52,580  X  0.96"  =  50,500  in.-lbs. 
Bending  moment  at  4  =  52,580  X  384"  —  88,630 X  2.88"  =  52,000 
in.-lbs. 

Vertical  Components, — 
Bending  moment  at  7  =  0. 
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Bending  moment  at  8  =  27,375  X  0.98"  =  26,830  in.-lbs. 
Maximum  bending  moment  occurs  at  points  4  and  8  and 

==  1/  52,000'  -f  26,830*  =  59,000  in.-lbs. 

Allowable  bending  moment  considering  wind  =  63,650  X  I -25=79,450 

in.-lbs. 
Efficiency  =  79A5^/59>ooo=  1.35. 

(2)  Maximum  Stress  in  Main  Tie  UJL2' 
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Fig.  298.    Pin  L».    Maximum  Stress  in  Main  Tie  UiL%, 


Horizontal  Components, — 
Bending  moment  at  2  =  26,687  X  0.96"  =  25,620  in.-lbs. 
Bending  moment  at  3  =  26,687X2.86"  —  50,250  X  i -90"  =19, 150 

in.-lbs. 
Bending  moment  at  4  =  26,687X3.84"  —  50,250  X  2.88"  =  46,250 

in.-lbs. 

Vertical  Components. — 
Bending  moment  at  7  =  0. 

Bending  moment  at  8  =  28,275  X  0.98"  =  27,700  in.-lbs. 
Maximum  bending  moment  occurs  at  4  and  8  and 

=  1/46,250^  -h  27,700^=  54,000 in.-lbs. 

Allowable  bending  moment  =  63,650  in.-lbs. 
Efficiency  =:  63,650/54,000  =1.18. 

Bearing  on  Pin  Lj.     (i)  Bearing  of  Intermediate  Post  UJL^  on 
Pin  Lj. 

Bearing  area  of  2  f "  pis.  =  2  X  S"  X  3 A"  =  2-39  sq.  in. 

Bearing  area  of  2  [s  7"  @  9f  lbs.  =  2  X  0.21"  X3A"=i-34  sq.  in. 

Total  bearing  area  =  3,73  sq.  in. 
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Maximum  stress  =  56,550  lbs. 

Maximum  unit  bearing  stress  =  56,550/3.73  =15,200  lbs. 

Allowable  unit  bearing  stress  =  18,000  lbs. 

Efficiency  =  18,000/15,200=  1.18. 

(2)  Bearing  of  Main  Tie  UyL^. — Bearing  area  of  2  bars  2\"  X  J" 
=  2  X  r  X  3iV' =  5.38  sq.  in. 

Actual  unit  bearing  stress  =  73,515/5.38  =  13,600  lbs. 
Allowable  unit  bearing  stress  =  4/3(15,000)  =20,000  lbs.  (§76). 
Efficiency  =  20,000/13,600  =  147. 

The  diameter  of  the  pin  is  greater  than  %  of  the  depth  of  the  bar 

(§76). 

(3)  Bearing  of  the  Lower  Chord  L^L^, — Bearing  area  of  2  bars 
2r  X  r  =  2  X  r  X  3A"  =  5.38  sq.  in. 

(a)  Wind  Not  Considered. — 

Actual  unit  bearing  stress  =  63,875/5.38=  11,900  lbs. 
Allowable  unit  bearing  stress  =  4/3  (15,060)  =20,080  lbs.  (§  76). 
Efficiency  =:  20,080/1 1 ,900  =  1.70. 

(b)  Wind  Considered, — 

Actual  unit  bearing  stress  =  105,160/5.38=  19,500  lbs. 

Allowable  unit  bearing  stress  when  wind  is  considered  =  20,080  X  1.25 

=25,100  in.-lbs. 
Efficiency  =:  25,100/19,500=  1.30. 

(4)  Bearing  of  Lower  Chord  L^L^, — Bearing  area  of  2  bars  3^" 
X  ir  =  2  X  W  X  3tV'  =  5.98  sq.  in. 

(a)  Wind  Not  Considered. — 

Actual  unit  bearing  stress  =  109,500/5.98=  18,300  lbs. 
Allowable  unit  bearing  stress  =  4/3  (15,060)  =20,080  lbs.  (§76). 
Efficiency  =  20,080/ 1 8,300  =  i  .09. 

The  diameter  of  the  pin  is  greater  than  }  of  the  depth  of  the  bar 
(Specifications,  §76). 

(b)  Wind  Considered. — 

Actual  unit  bearing  stress  when  wind  is  considered  =  177,260/5.98 

=  29,600  lbs. 
Allowable  unit  bearing  stress  when  wind  is  considered  =  20,080  X  1-25 

=  25,100  lbs. 
Efficiency  =  25,100/29,600  =  0.85. 

Shear  in  Pin   L,.     (a)  Wind  Not  Considered,     (i)  Maximum 
Stress  in  Lower  Chords  L^L^  and  L^L^. 
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Horisonlal  Components. — 
Shear  between  i  &  2  =  31,938  lbs. 
Shear  between  2  &  3  =  22,812  lbs. 
Shear  between  3  &  4  =  22,812  lbs. 

Vertical  Components. — 
Shear  between  7  &  8=27,375  'bs- 
The  maximum  shear  is  between  3  &  4  and  7  &  8  and 

=  V'22,812*  +  27,375*-=  35.588  lbs. 
Allowable  shear  in  a  3^"  pin  ^79,790  lbs. 
Efficiency  =  79-790/35-588  =  2.24. 

(2)  Maximum  Stress  in  Main  Tie  V^L^. 

Horizontal  Components. — 
Shear  between  i  &  2^26,687  lbs. 
Shear  between  2  &  3^23,563  lbs. 
Shear  between  3  &  4  =  23,563  lbs. 

Vertical  Components. — 
Shear  between  7  &  8  =  28,275  lbs. 
The  maximum  shear  occurs  between  3  &  4  and  7  &  8  and 


—  ^^23,563*  + 28,275'-=  36,758  lbs. 
Allowable  unit  shear  on  a  3-^"  pin  =  79,790  lbs. 
Efficiency  =  79.790/36,758  =  2. 17. 


'  u,Utm5oo  S| 
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Fic.  299.    Pin  Ut- 

PIN  Uj.— The  pin  is  2\\"  diameter;  grip  8";  length  loj".  The 
maximum  chord  stresses  at  the  joint  are  given  in  (b)  Fig.  299,  while 
the  maximum  web  stresses  at  the  joint  are  given  in  (c). 

Bending  Moment. — The  maximum  bending  moment  will  occur 
with  a  maximum  stress  in  C/^L,  as  given  in  (c)  and  in  brackets  in  (a) 
Fig.  299. 
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Horizontal  Components. — 
Bending  moment  at  3=  15,940  X  1.38"  =  22,000  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  6=  19,125  X  0.75"  =  14,340  in.-lbs. 
Maximum  bending  moment  occurs  at  3  and  6  and 


=  V^  22,000*  +  14,340*  =  26,260  in.-lbs. 

Allowable  bending  moment  =  38,1 50  in.-lbs.  (Table  XXXIV). 
Efficiency  =  38, 1 50/26,260  =  i  .44. 

Bearing  on  Pin  Ua-     (i)  Bearing  of  Upper  Chord  UiU^  and  UzU^ 
on  Pin  Uz'— 

Bearing  area  of  2  J"  pis.  =  2  X  i"  X  ^H"  =  i-34  sq.  in. 

Bearing  area  of  2  [s  10"  @  15  lbs.  =  2  X  0.24"  X  2ii"=i-29  sq.  in. 

Total  bearing  area  =  2.63  sq.  in. 

Bearing  stress  in  U^Uz  and  U2U^  =  31,875  lbs.  [(c)  Fig.  299]. 
Actual  unit  bearing  stress  =  31,875/2.63  =12,1 10  lbs. 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/12,110=  1.49. 

(2)  Bearing  of  Post  UJL^  ^^  P^^  ^2- — 

Bearing  area  of  2  ^"  pis.  =  2  X  i"  X  2^J"  =  2.69  sq.  in. 
Actual  unit  bearing  stress  =  38,250/2.69  =  14,230  lbs. 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/14,230=  1.26. 

(3)  Bearing  of  Main  Tie  U^L^  on  Pin  U^. — ^The  diameter  of  the 
pin  is  greater  than  f  the  depth  of  bar  (Specifications,  §  76). 

Shear  on  Pin  U2. 

Horizontal  Components. — 

Shear  between  i  &  2=15,940  lbs. 
Shear  between  2  &  3=15,940  lbs. 

Vertical  Components. — 

Shear  between  5  &  6=19,125  lbs. 

Maximum  shear  occurs  between  2  &  3  and  5  &  6  and 

==  1/15,940'*  4-  19,125^  =  24,863  lbs. 

Allowable  shear  on  a  2\\''  pin  =  5.76  X  10,000  =  57,600  lbs. 
Efficiency  =:  57,600/24,863  =  2.30. 

PIN  L3.— The  pin  is  3^"  diameter;  grip  14!"  length  17J". 
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Fia  300.    Pin  L«.    Maximum  Stresses  in  Lower  Chords. 


Bending  Moment. — (a)  Maximum  Stresses  in  the  Bottom  Chords 
LJL^  and  L^L^,  Fig.  300. 

Horizontal  Components. — 
Bending  moment  at  2  =  34,220  X  0-88"  =  30,100  in.-lbs. 
Bending  moment  at  3  =  34,220  X  176"  —  54,750  X  0.88"  =  12,050 
in.-lbs. 

Bending  moment  at  5  =  34,220  X  447''  —  54,75^  X  3-59"  +  34»220 
X  2.71"  =  49,1 50  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  10=  16,400  X  0.93"  =  15,250  in.-lbs. 
Maximum  bending  moment  occurs  at  5  and  10  and 

=  1^49,150'  +  15,250'  =  56,900  in.-lbs. 

Allowable  bending  moment  =  63,650  in.-lbs. 
Efficiency  =  63,650/56,900  =1.12. 

(b)  Maximum  Stress  in  Main  Tie  U2L^,  Fig.  301. 

Horizontal  Components. — 
Bending  moment  at  2  =  28,595  X  0.88"  =  25,160  in.-lbs. 
Bending  moment  at  3  =  28,595  X  1.76"  —  41,250  X  0.88"=  14,000 

in.-lbs. 
Bending  moment  at  5  =  28,595  X  44/'  —  41,250  X  3-59"  +  28,595 
X  2.71"  =  56,900  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  10=  19,125  X  0.93"  =  17,800  in.-lbs. 


Maximum  bending  occurs  at  5  and  8  and  =  V  56,900  +  17,800 

=  59,700  in.-lbs. 
Efficiency  =  63,560/59,700  =  i  .06. 
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(c)  Wind  Stresses  Considered,  Fig.  300. — Total  stress  in  L^L^ 
=  i{  177,260)=  88,630  lbs. ;  total  stress  in  L^L^=  ^ (220,540)=  1 10,270 
pounds. 

Horizontal  Components. — 
Bending  moment  at  5  =  55,135  X  447"  —  88,630  X  3-59"  +  S5»i35 
X  2.71  "  =  77,700  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  10=  18,040  X  0.93"=  16,780  in.-lbs. 
Maximum  bending  moment  occurs  at  5  and  10  and 

=  ^  77,700*  +  16^80*  ==  78,800  In.-lbs. 

Allowable  bending  moment  when  wind  is  considered  =:  63,650  X  1.25 

=  79»57o  in.-lbs. 
Efficiency  =:  79,570/78,800  =:  i.oi. 
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Fig.  301.    Pin  Lg.    Maximum  Stress  in  Main  Tie  C/aLs. 

Bearing  on  Pin  L3.     (i)  Bearing  of  Intermediate  Post  U^L^  on 
Pin  L3. — 

Bearing  area  of  2  f "  pis.  =  2  X  f "  X  3tV"  =  2.39  sq.  in. 

Bearing  area  of  2  [s  7"  @  9I  lbs.  =  2  X  0.21"  X  3A"=  i-34  sq.  in. 

Total  bearing  area  =3-73  sq.  in. 

Maximum  stress  in  U^L^  bearing  on  the  pin  =  38,250  lbs..  Fig.  301. 
Actual  unit  bearing  stress  =  38,250/3.73  =  10,400  lbs. 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/10,400=  1.73. 

(2)  Bearing  of  Lozver  Chord  LJL^  on  Pin  L3. — The  diameter  of 
the  pin  is  greater  than  f  of  the  depth  of  the  bar  (Specifications,  §76). 

(3)  Bearing  of  Lower  Chord  L^L^  on  Pin  Lg. — The  diameter  of 
the  pin  is  greater  than  f  the  depth  of  the  bar  (Specifications,  §  76). 
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(4)  Bearing  of  Main  Tie  UJ^^  on  Pin  L^, — The  diameter  of  the 
pin  is  greater  than  |  of  the  depth  of  the  bar  (Specifications,  §  76). 

Shear  on  Pin  L,.     (a)  Maximum  Stresses  in  the  Lower  Chords 
LJL^  and  L^L^,  Fig.  300. 

Horizontal  Components. — 
Shear  between  i  &  2  =  34,220  lbs. 
Shear  between  2  &  3  =  20,530  lbs. 
Shear  between  3  &  4=13,690  lbs. 
Shear  between  4  &  5=13,690  lbs. 

Vertical  Components. — 
Shear  between  6  &    9  =  0. 
Shear  between  9  &  10=16400  lbs. 

The  maximum  shear  comes  between  I  &  2  and  =  34,220  lbs. 
Allowable  shear  on  a  3 A"  pin  =  7.979  X  10,000  =  79,790  lbs. 
Efficiency  =  79,790/34,220  =  2.33. 

(b)  Maximum  Stress  in  Main  Tie  U^^,  Fig.  301, 

Horizontal  Components. — 
Shear  between  i  &  2  =  28,595  lt>s. 
Shear  between  2  &  3  ==12,655  lbs. 
Shear  between  3  &  4=15,940  lbs. 

Vertical  Components. — 
Shear  between  6  &    9  =  0. 
Shear  between  9  &  10=19,125  lbs. 

The  maximum  shear  comes  between  i  &  2  and  =  28,595  lbs. 
This  shear  is  less  than  for  case  (a)  above. 

PIN  L4. — The  pin  is  3^"  diameter;  grip  16";  length  18J". 
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Fig.  302.    Pin  L^.    Maximum  Stresses  in  Lower  Chords. 
Note. — Stress  given  as  V J^^  is  floorbeam  reaction. 
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Bending  Moment  (a)  Maximum  Stress  in  Lower  Chord  LJL^, 
Fig.  302. 

Horizontal  Components. — 
Bending  moment  at  1  =  0. 

Bending  moment  at  2  =  34,220  X  0.75"  =  25,665  in.-lbs. 
Bending  moment  at  3  =  34,220  X  i-50"  —  34,220  X  0.75"  =  25,665 

in.-lbs. 
Bending  moment  at  4  =  34,220X2.25"  —  34,220  X  1.50"  + 34>220 

X  0.75"  =  5 1,330  in.-lbs. 
Bending  moment  at  5  =  34,220  X  S03"  —  34,220  X  4.28"  +  34,220 

X  3-53"  —  34,220  X  2.78"  =  51,330  in.-lbs. 
Bending  moment  at  6  =  34,220  X  S.82"  —  34,220  X  5-07"  +  34,220 

X  4.32"  —  34,220  X  3-57"  =  51,330  in.-lbs. 
Bending  moment  at  7  =  34,220X6.38"  —  34,220  X  S.63" -f  34,220 

X  4.85"  —  34,220  X  4. 13"  —  4,563  X  0.56"  =  48,775  in.-lbs. 

Vertical  Components. — 
Bending  moment  at  12  =  0. 

Bending  moment  at  13  =  10,950  X  0.79"  =  8,650  in.-lbs. 
Bending  moment  at  14=  io,95o  X  1.35"  — 5,475  X  o.56"  =  ii,7i7 

in.-lbs. 
The  maximum  bending  moment  occurs  at  6  and  13  and 

=»  ^51,330*  +  8,650*=  58,000  in.-lbs. 

Allowable  bending  moment  =  63,650  in.-lbs. 
Efficiency  =  63,650/58,000  =  i.io. 

(b)  Maximum  Stress  in  Main  Tie  U^L^,  Fig.  303.  By  comparing 
with  case  (a)  it  is  seen  that  the  maximum  bending  occurs  with  that 
condition. 
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Fig.  303.    Pin  La,    Maximum  Stress  in  Main  Tie  UzLa. 
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(c)  Considering  Wind. — The  maximum  stresses  in  L,L4  =  220,540 
pounds. 

Horizontal  Components. — 
The  maximum  bending  moment  occurs  at  4  and  =55,135X2.25" 

—  55.135  X  1.50"  +  55,135  X  0.75"  =  82,700  in.-lbs. 
Allowable  bending  moment  when  wind  is  considered  =  63,650  X  1-25 

=  79,570  in.-lbs. 
Efficiency  =:  79,570/82,700  =  0.96. 

Bearing  on  Pin  L^.     (i)  Bearing  of  Intermediate  Post   U^L^j 
Fig.  303- 

Bearing  area  of  2  f"pls.==2  X  f"  X  3 A"  =2-39  sq.  in. 

Bearing  area  of  2  [s  6"  @  8  lbs.  =  2  X  0.20"  X  3A"  =  i-27  sq.  in. 

Total  bearing  area  =3.66  sq.  in. 

Actual  unit  bearing  stress  =  21,900/3.66  =  6,000  lbs. 
Allowable  unit  bearing  stress  =  18,000  lbs. 
Efficiency  =  18,000/6,000=  3.00. 

Shear  on  Pin  L^. 

Horizontal  Components. — 
Shear  between  i  &  2=34,220  lbs. 
Shear  between  2  &  3  =  0. 
Shear  between  3  &  4=34,220  lbs. 
Shear  between  4  &  5  =  0. 
Shear  between  5  &  6  =  0. 
Shear  between  6  &  7=  4,563  lbs. 

Vertical  Components. — 
Shear  between  12  &  13=10,950  lbs. 
Shear  between  13  &  14=   5,475  lbs. 

The  maximum  shear  is  between  i  &  2  and  3  &  4  and  =34,220  lbs. 
The  allowable  shear  on  a  3 A"  pin  =  79,790  lbs. 
Efficiency  =  79,790/34,220  =  2.33. 

SHEAR  ON  RIVETS.  PIN  Lo-     (i)  Member  L^U^,  Fig.  291. 
Thickness  of  web  =0.240  in. 

Thickness  of  outside  plate  =0-37S  i*^* 

Thickness  of  inside  plate  =0.25     in. 

Total  thickness  of  bearing  =  0.865  in. 
The  total  stress  in  i7iLo  =  + 65,520  + 34,125  =  99,645  lbs. 
The  stress  carried  by  the  metal  on  one  side  =  1(99,645)  =49,823  lbs. 
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The  direct  stress  due  to  wmd=  12,500 +  7,000=  19,500  lbs. 
The  direct  stre;5S  due  to  wind  is  less  than  25  per  cent  of  the 
allowable  stress  for  dead  and  live  loads,  and  may  be  neglected 

(§46). 
Stress  in  outside  plate  =  (49,823  X  0.375)70.865  =  21,650  lbs. 
16  f "  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  21,650/16=  1,360  lbs. 
Allowable   shear  on   one   rivet  in   single   shear  =  4,418   lbs.    (Table 

LXXVII). 
Stress  in  inside  plate=  (49,823  X  0.25)70.865  =  14430  lbs. 

TABLE  LXXVI. 

Allowable  Bearing  and  SheARtNQ  Values 
FOR  ■§  "RiVETS  IN  Highway  Bridges 


Tru^s 

FfoorSysfem 

Lateral  System    \ 

bearing 

Shear 

S>earing 

Shear 

bearing 

Shear 

6hop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

I/a 

2613 

1675 

5066 

2045 

2250 

1500 

2454 

1636 

3956 

2625 

4295 

2665 

Vt» 

5515 

2545 

It 

M 

2612 

1675 

m 

m 

4921 

5261 

H 

M 

'h 

4210 

2615 

H 

II 

5575 

2750 

« 

0 

5907 

5957 

0 

i/ 

Vm 

4922 

5261 

H 

It 

5956 

2625 

* 

m 

6691 

4595 

0 

V 

'/* 

5625 

5150 

m 

H 

4500 

5000 

II 

It 

7675 

5250 

H 

// 

??* 

6523 

4219 

n 

tf 

5062 

5575 

u 

m 

6660 

5906 

II 

0 

*i? 

7051 

4668 

m 

n 

5625 

5750 

m 

a 

9643 

6562 

n 

f 

Allowable  unit  bearing  strain  IGOOOiand  untf  sheptrmgr^fress  10000  lbs. per  j<f.  in. 
For  fi'elet  rt^efa  use ^  i  f^r  floor  sy^fama  use  60 per  eentiotnel  for  ta^erah  u^e  I4Q 
per  cent  of  these  vptlums. 
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Allowable  3earin6  ano  Shearing  Values 
FOR :^'' Rivets  in  Highway  Bridges 


Tru33 

FioorSysfem 

Lateral  System      j 

Bearing 

Shear 

Bearing 

Shear 

Bearing 

Shear    1 

Shop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

Shop 

Field 

'if 

5575 

2250 

4416 

2945 

2700 

1600 

3554 

2356 

472S 

3150 

6/65 

4/23 

V* 

42/9 

2613 

0 

0 

5575 

2750 

m 

0 

5906 

5957 

0 

5062 

5575 

0 

m 

4050 

2700 

0 

0 

7067 

4775 

0 

V7# 

5906 

5956 

0 

0 

4725 

3/50 

0 

0 

6766 

55/2 

m 

l/l 

6750 

4500 

0 

H 

5400 

5600 

• 

0 

9450 

6300 

m 

WtA 

7594 

5062 

0 

It 

6075 

4050 

0 

a 

/0630 

7066 

m 

¥6 

6496 

5615 

It 

m 

6750 

4500 

0 

0 

//6/0 

7675 

0 

ff6 

9262 

6/56 

H 

m 

7479 

4950 

a 

0 

15000 

6662 

0 

m 

^U 

iOI25 

6750 

m 

m 

6/00 

5400 

0 

0 

14/79 

9450 

H 

0 

A/lowab/e  unlf  bearing  stress  13000 ;  etndl  unit  shoaring  stress  f 0000  lbs, per S4f.  In, 
For  field  riyefs  use  4  ;  for  floor  systems  use  00  per  cent ;  and  for  laterals  use  140 
per  cent  of  these  values. 
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7  J"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  14,430/7  =  2,060  lbs. 
Allowable  shear  on  one  rivet  in  single  shear  =  4,418  lbs. 

Pin  Ui,  Fig.  293.     (i)  Member  LqU^. — 
Thickness  of  web  =0.24      in. 

Thickness  of  first  outside  plate  =0.25  in. 
Thickness  of  second  outside  plate  =0.4375  in. 
Thickness  of  inside  plate  =0.3125  in. 

Total  thickness  of  bearing    =  1.24      in. 
The  stress  on  one  side  of  the  member  ==  49,823  lbs. 
Stress  in  first  outside  plate  =  (49,823  X  o.25)/i.24=  10,060  lbs. 
9  I"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  10,060/9  =  1,120  't>s. 
Allowable  shear  on  one  rivet  in  single  shear  =  4,418  lbs. 
Stress  in  second  outside  plate  =  (49,823  X  0.6875)/ 1.24  =  27,680  lbs, 
15  f"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  27,680/1 5  =  1,846  lbs. 
Allowable  shear  on  one  rivet  =  4,418  lbs. 
Stress  in  inside  plate=  (49,823  X  o.3i25)/i.24=  12,590  lbs. 
9  I"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  12,590/9=  1,400  lbs. 
Allowable  shear  on  one  rivet  =4,418  lbs. 
Rivets  are  safe  for  shear. 

Member  UJJz- — 

Thickness  of  web  =0.24    in. 

Thickness  of  outside  plate  =0.375  in. 

Thickness  of  first  inside  plate  ==0.25     in. 

Thickness  of  second  inside  plate  =0.375  in. 

Total  thickness  of  bearing  =1.24    in. 
The  stress  on  one  side  of  the  member  =  ^(109,500)  =54,750  lbs. 
Stress  on  outside  plate  =  (54,750  X  0.375)/!. 24=:  16,610  lbs. 
18  J"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  16,610/18  =  920  lbs. 
Allowable  shear  on  one  rivet  =  4,418  lbs. 

Stress  in  first  inside  plate=  (54,750  X  0.25)/ 1.24=:  11, 080  lbs. 
9  %"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  11,080/9=:  1,230  lbs. 
Allowable  shear  on  one  rivet  =  4,418  lbs. 
Stress  in  second  inside  plate  =  (54,750  X  0.625)/ 1. 24  =  27,690  lbs. 


SHEAR  ON   RIVETS.  495 

9  %"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  27,600/9  =  3,077  lbs. 
Allowable  shear  on  one  rivet  =  4,4 18  lbs. 
Rivets  are  all  safe  for  shear. 

Pin  U2,  Fig.  299.     (i)  Upper  Chords  UJJ^  and  U^U^.— 
Thickness  of  web  =0.24  in. 

Thickness  of  plate  =  0.25  in. 

Total  thickness  of  bearing    =0.49  in. 

The  maximum  stress  transmitted  through  the  pin  is  the  horizontal  com- 
ponent of  UiL^  =  3^,850  lbs.  The  stress  on  one  side  =  15,925 
lbs. 

Stress  in  the  plate  =  (15,925  X  0.25)  70.49  =  8, 130  lbs. 

12  f "  rivets  transmit  the  stress  in  single  shear. 

Actual  shear  on  one  rivet  =  8,130/12  =  680  lbs. 

Allowable  shear  on  one  rivet  =  4418  lbs. 

Intermediate  Post  1/2^2- — 
Thickness  of  web  =0.21  in. 

Thickness  of  plate  =0.50  in. 

Total  thickness  of  bearing    =0.71  in. 
Stress  in  plate  =  (19,125  X  o.5o)/o.7i  =  13,480  lbs. 
9  f "  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  13,480/9=  1,500  lbs. 
Allowable  shear  on  one  rivet  =  4,418  lbs. 

Pin  U3. — The  upper  chord  splice  is  investigated  on  page  508. 

Intermediate  Post  U^L^. — The  maximum  stress  in  U^L^  =  21,750  lbs. 
Thickness  of  web  =0.21     in. 

Thickness  of  plate  =0.375  i"- 

Total  thickness  of  bearing  =  0.585  in. 
Stress  in  plate  =  (10,875  X  0.375  )/o.585  =  6,980  lbs. 
6  f "  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  in  one  rivet  =  6,980/6  =  1,163  '^s. 
Allowable  shear  on  one  rivet  =  4,418  lbs. 

Pin  U4. — Rivets  safe  for  shear. 

Pin  Ml. — Fig.  296. 
Thickness  of  web  =0.20  in. 

Thickness  of  plate  =0.25  in. 

Total  thickness  of  bearing  =  0.45  in. 


496  CALCULATION   OF  EFFICIENCIES   OF  A   HIGHWAY  BRIDGE. 

Stress  in  the  plate  =  (10,950  X  0.25  )/o.45  =  6,083  lbs. 
4  I"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  6,083/4  =  1,521  lbs. 
Allowable  shear  on  one  rivet  =  4418  lbs. 

Pin  Lj. — Investigated  under  floorbeam  connection. 

Pin  L2. — Fig.  298.    Intermediate  Post  U^L^^ 
Thickness  of  web  =0.21     in. 

Thickness  of  plate  =0.375  ^^« 

Total  thickness  of  bearing  ^  0.585  in. 
Stress  in  plate  =  (28,275  X  0.375)70.585  =  20,000  lbs. 
6  I"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  20,000/6  =  3,330  lbs. 
Allowable  shear  on  one  rivet  =  4418  lbs. 

Pin  Lj. — Fig.  301.    Intermediate  Post  U^L^. 

The  thickness  of  the  bearing  is  the  same  as  for  U2L2,  while  the 
stress  is  less. 

Pin  L4. — Fig.  303.    Intermediate  Post  U^L^, 
Thickness  of  web  =0.20    in. 

Thickness  of  plate  =o-375  ^^* 

Total  thickness  of  bearing  =  0.575  in. 
Stress  in  plate  =  (10,950  X  o.375)/o.575  =  7,140  lbs. 
4  I"  rivets  transmit  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  7,140/4=  1,785  lbs. 
Allowable  shear  on  one  rivet  =  441 8  lbs. 

BEARING  ON  RIVETS.    PinU.— End-post  U^L^.     {1)  Bear- 
ing of  Rivets  on  Web. 

Shear  on  one  rivet  from  outside  plate  =1,360  lbs. 
Shear  on  one  rivet  from  inside  plate  =2,060  lbs. 
Maximum  bearing  on  one  rivet  in  web^  I1360  +  2,060=  3,420  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  0.24"  plate =f  X  0.24"  X  18,000 
==  3,242  lbs.     Not  sufficient  rivets. 

(2)  Bearing  on  Outside  Plate, — 
Actual  bearing  on  one  rivet  =  1,360  lbs. 

Allowable  bearing  of  a  J"  rivet  on  a  |"  plate  =  5,062  lbs. 

(3)  Bearing  on  Inside  Plate, — 
Actual  bearing  on  one  rivet  =  2,060  lbs. 

Allowable  bearing  of  a  f"  rivet  on  a  \"  plate  =  3,375  lbs. 
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Pin  Ui. — End-Post  LJJ^.     (i)  Bearing  of  Rivets  on  Web. 
Shear  on  one  rivet  from  outside  plates  =1,846  lbs. 
Shear  on  one  rivet  from  inside  plate     =1400  lbs. 
Total  bearing  of  one  rivet  in  the  web  =  1,846+  1400  =  3,246  lbs. 
Allowable  bearing  of  a  |"  rivet  on  a  0.24"  plate  =  3,242  lbs. 

(2)  Bearing  on  First  Outside  Plate. — 

Total  bearing  of  one  rivet  on  a  i"  plate  =  1,120  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  J"  plate=  3,375  lbs. 

(3)  Bearing  on  Second  Outside  Plate. — 

Total  bearing  of  one  rivet  on  a  -j^"  plate  =  1,846  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  3%"  plate  =  7,594  lbs. 

(4)  Bearing  on  Inside  Plate. — 

Total  bearing  of  one  rivet  on  a  f"  plate  =  1400  lbs. 
Allowable  bearing  of  one  rivet  on  a  f"  plate  =  5,062  lbs. 

Top  Chord  U^U^.     (i)  Bearing  of  Rivets  on  Web. — 
Shear  of  one  rivet  from  outside  plate  =    920  lbs. 
Shear  of  one  rivet  from  inside  plate       =  3,077  lbs. 
Total  bearing  of  rivets  in  web  =  920  +  3,077  =  3,997  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  0.24"  plate  =  3,242  lbs. 

(2)  Bearing  of  Rivets  on  Outside  Plate. — 
Total  bearing  of  rivet  on  a  |"  plate  =  920  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  f "  plate  =  5,062  lbs. 

(3)  Bearing  of  Rivets  on  First  Inside  Plate. — 
Total  bearing  of  one  rivet  on  a  y  plate  =  1,230  lbs. 
Allowable  bearing  of  one  f"  rivet  on  a  J"  plate  =  3,375  lbs. 

(4)  Bearing  of  Rivets  on  Second  Inside  Plate. — 
Total  bearing  of  one  rivet  on  a  f"  plate  =  3,077  lbs. 
Allowable  bearing  of  a  \"  rivet  on  a  f"  plate  =5,062  lbs. 

Pin  U2.    Top  Chord  U^U^  and  U2U3.     (i)  Bearing  of  Rivets  on 
Web.— 

Total  bearing  of  one  rivet  on  a  0.24"  plate  =  680  lbs. 
Allowable  bearing  of  a  J"  rivet  on  a  0.24"  plate  =  3,242  lbs. 

(2)  Bearing  Rivets  in  Pin  Plate. — 
Total  bearing  of  one  rivet  on  a  i"  plate  =  680  lbs. 
Allowable  bearing  of  a  J"  rivet  on  a  J"  plate  =  3,375  lbs. 

Intermediate  Post  VJ^^.     (i)  Bearing  of  Rivets  on  Web. — 
Total  bearing  of  one  rivet  on  a  0.21"  plate  =  1,500  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  0.21  plate  =  2,923  lbs. 
33 
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(2)  Bearing  of  Rivets  on  Plate. — 
Total  bearing  of  one  rivet  on  a  |"  plate  =  1,500  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  i"  plate  =  6,750  lbs. 

Pin  Ug.    Top  Chord  U^U^U^, — See  splice  on  page  508. 

Intermediate  Post  U^L^.     ( i )  Bearing  of  Rivets  on  Web. — 
Total  bearing  of  one  rivet  on  a  0.21"  plate  =  1,163  ^^s. 
Allowable  bearing  of  a  |"  rivet  on  a  0.21"  plate  =  2,923  lbs. 

(2)  Bearing  of  Rivets  on  Pin  Plate. — 
Total  bearing  of  one  rivet  on  a  f"  plate  =  1,163  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  f"  plate  =5,062  lbs. 

Pin  U4.     Top  Chord  U^UJJ^'.     (i)  Bearing  of  Rivets  on  Web.— 
Total  bearing  of  one  rivet  on  a  0.24"  plate  =  1,240  lbs. 
Allowable  bearing  of  a  J"  rivet  on  a  0.24"  plate  =  3,242  lbs. 

(2)  Bearing  of  Rivets  on  Pin  Plate. — 
Total  bearing  of  one  rivet  on  a  \"  plate  =  1,240  lbs. 
Allowable  bearing  of  a  |"  rivet  on  a  J"  plate  =  3,375  lbs. 

Intermediate  Post  U^L^.     (i)  Bearing  of  Rivets  in  the  Web. — 
Total  bearing  of  one  rivet  on  a  0.20"  plate  =  575  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  0.20"  plate  =  2,700  lbs. 

Pin  Ml-    Hip  Vertical  U^M^.    ( i )  Bearing  of  Rivets  in  the  Web. — 
Total  bearing  of  one  rivet  on  a  0.20"  plate  =:  1,521  lbs. 
Allowable  bearing  of  a  f "  rivet  on  a  0.20"  plate  =  2,700  lbs. 

(2)  Bearing  of  Rivets  on  Pin  Plate. — 
Total  bearing  of  one  rivet  on  a  J"  plate  =  1,521  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  \"  plate  =  3,375  lbs. 

Pin  Lj.    Intermediate  Post  IJ^L^.     (i)  Bearing  of  Rivets  on  the 
Web.— 

Total  bearing  of  one  rivet  on  a  0.21"  plate  =  3,330  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  0.21"  plate  =  2,923  lbs. 

(2)  Bearings  of  Rivets  on  Pin  Plate. — 
Total  bearing  of  one  rivet  on  a  f"  plate  =  3,330  lbs. 
Allowable  bearing  of  a  J"  rivet  on  a  f"  plate  ^5,062  lbs. 

Pin  L3.    Intermediate  Post  U^L^. — The  dimensions  of  the  web  and 
the  pin  plate  are  the  same  as  for  U2L2>  ^^^  the  stress  is  less. 

Pin  L4.    Intermediate  Post  U^L^.     (i)  Bearing  of  Rivets  on  the 
Web.— 

Total  bearing  of  one  rivet  on  a  0.20"  plate  =1,785  lbs. 
Allowable  bearing  of  a  f"  rivet  on  a  0.20"  plate  =  2,700  lbs. 
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(2)  Bearing  of  Rivets  on  Pin  Plate, — 
Total  bearing  of  one  rivet  on  a  f"  plate  =1,785  lbs. 
Allowable  bearing  of  a  J"  rivet  on  a  f"  plate  =  5,062  lbs. 

SPACING  OF  RIVETS.— (a)  The  distance  between  lines  of 
rivets  perpendicular  to  the  length  of  the  member  shall  not  be  greater 
than  40  times  the  thickness  of  the  cover  plate  (§67). 


Mbmbbr. 

ACTUAI.. 

AX.LOWABX.B. 

End-post  LM, 

Top  Chord  6^1  C^a      U/ 

9K" 
9K 

10 

(b)  The  pitch  of  the  rivets  in  the  line  of  the  stress  shall  not  exceed 
6"  nor  16  times  the  thickness  of  the  thinnest  outside  plate,  nor  be  less 
than  3  diameters  of  the  rivet  (§62). 


Mbmbbr. 

Maximum. 

Minimum. 

Actual. 

Allowable. 

Actual. 

Allomble. 

End-post  Z^Ui 

Top  Chord  U^C/^—U/ 

5'' 
5 

4//  to  2^^' 

4     to23< 

3 

2% 

(c)  The  pitch  of  the  rivets  at  the  ends  of  compression  members 
shall  not  exceed  4  diameters  of  rivets  for  a  length  equal  to  one  and 
one-half  times  the  width  of  the  member  (§66). 


* 

ACTUAt.. 

Rbquirbd. 

MkAfllBAK. 

Pitch 

Length. 

Pitch. 

Length. 

End-post  LM^ 

Top  Chord  C/^C/^—U/ 

3 

I      6 

2j4^^  to  3^' 
2^      to  3 

I        6 

(d)  The  distance  between  the  edge  of  the  piece  and  the  center  of 
the  rivet  must  not  be  less  than  li"  for  f"  rivets  and  i^"  for  f"  rivets 

(§63). 


Member. 


End-post  ZqC/i 

Top  Chord  C/^Cr^—Uj^ 

Int.  Post  CZ-Z, 

Int.  Post  C^Zj 

Int.  Post  (/^L^ 

Hip  Vertical  M^L^ 

Portal 


Actual. 

Required. 

iH" 

!«■" 

lii 

IJi" 

1% 

I'A 

^'A 

I'A 

I 

I'A 

K 

lA 

TA 

^A 
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BATTEN  PLATES.— Batten  plates  must  be  placed  as  near  tKe 
ends  of  compression  members  as  possible  and  shall  have  a  length  not 
less  than  the  greatest  width  of  the  member  nor  i^  times  the  least  width 

(§69). 


Mbmbbr. 

1 
Actual.                       | 

1 

Rbquikbd. 

Length. 

Pitch  of  Rivets. 

Length. 

Pitch  of  Rivets. 

End-post  L^U^ 
Top  Chord  U^U^^U^' 
Inter.  Post  6JZ,  &  £/,£, 
Inter.  Post  6^Z^ 

12''  &  lo'' 

12 

10 

9% 

2%"  to  3'' 

h 

15 
ID 

2^'' to  3'^ 
2X      to  3 
^%    to  3 

2^      to  3 

LACING  BARS. — (a)  Lacing  bars  must  not  be  less  in  width  than 
li"  for  members  6"  wide,  ij"  for  members  9"  wide,  2"  for  members 
12"  wide,  etc.  (§70). 

(b)  Single  lattice  bars  shall  have  a  thickness  not  less  than  ^q  of 
the  distance  between  rivets,  and  double  lacing  shall  have  a  thickness 
not  less  than  %o  o^  the  distance  between  rivets  (§  70). 

(c)  Lattice  bars  shall  be  inclined  at  an  angle  of  not  less  than  60** 
with  the  axis  of  the  member  for  single  lacing  or  45°  for  double  lacing 

(§70). 

(d)  The  pitch  of  the  lacing  must  not  exceed  the  width  of  the 
member  plus  9"  (§71). 


Actual. 

Rbquirbd. 

Mbmbbb. 

Width. 

a 

Thickness. 
b 

Angle. 

c 

Pitch, 
d 

Width. 
a 

Thickness. 

Angle. 
c 

Pitch. 
d 

End-post  Zfl  U^ 
Top  Chord  U^U 
Int.  Post  U^L^ 
Int.  Post  U^L^ 

2// 

2 

57" 
57 

58 

12// 

12 
ID 
ID 

2// 

2 

0.28 
0.24 
0.24 

6o<» 
60 
60 
60 

16 

15 

JOISTS.— The  joist  consists  of  two  lines  of  [s  7"  @  9J  lbs.  and 
seven  lines  of  Is  7"  @  15  lbs.,  spaced  i'  11  J"  (use  2'  o"  in  calculations) 
and  have  a  span  of  20'  o". 

(a)  Uniform  Load. — ^The  dead  load  per  foot  of  bridge  exclusive  of 
the  weight  of  joists  =  16  X  2i  X  4i  +  (^  X  4  X  6  X  4i)  A  +(3X4 
X  6  X  4i)i^f  =  225  lbs.  Dead  load  per  foot  of  joist  exclusive  of  the 
weight  of  joists  =  30  lbs.  Live  load  per  foot  of  joist  =  200  lbs.  Total 
load  per  foot  of  joist  exclusive  of  the  weight  of  joist  =  230  lbs.  The 
weight  of  the  joist  is  15  lbs.  per  lineal  foot  of  joist,  which  is  less  than 
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lo  per  cent  of  the  total  load,  and  may  be  neglected  (§  48).  The  maxi- 
mum bending  moment  =  i  X  230  X  20^  X  12=  138,000  in.-lbs. 

Actual  unit  bending  stress  =S  =  Mc/I  =  ( 1 38,000  X  3i  )  /36.2 
=  13,340  lbs.    Allowable  unit  stress  =  13,000  lbs. 

Efficiency  =  13,000/13,340  =  0.96. 

(b)  Concentrated  Loads,  Fig.  304. — The  concentrated  load  is  a 
traction  engine  weighing  15,800  lbs.,  two-thirds  of  the  load  being  car- 


i 


[^zoy- .- 

C.6,ofLoad5^  \ 

Fig.  304. 

ried  on  the  rear  axle.  The  distance  c  to  c  of  axles  =  8'  i^",  distance 
c  to  c  of  front  wheels  ==  4'  7^",  c  to  c  of  rear  wheels  =  5'  10" ;  width 
of  front  wheels  ^6" ;  width  of  rear  wheels  =  16".  It  will  be  assumed 
that  the  front  and  rear  wheels  may  be  so  nearly  in  line  that  a  joist  will 
carry  the  same  load  as  when  this  condition  occurs,  and  that  the  floor 
is  stiff  enough  to  so  distribute  the  load  that  the  load  on  one  side  will  be 
carried  by  two  joists. 

The  loads  coming  on  jone  joist  will  be  2,633  21^^  ^^Z^7  ^^'  ^^^ 
condition  for  maximum  bending  moment  in  the  joist  is  that  the  heavier 
wheel  under  which  the  moment  will  occur  will  be  as  far  from  one 
end  of  the  beam  as  the  center  of  gravity  of  the  two  loads  is  from  the 
other  end  of  the  beam.  The  heavier  load  will  be  8'  7f "  from  one  end,, 
as  shown  in  Fig.  304.  From  Fig.  304  i?2=  (i»3i7  X  3-23  +  2,633 
X  ii.35)/20=i,705  lbs. 
The  maximum  bending  moment  is  M=  1,705  X  8.65  X  12=176,600 

in.-lbs. 
The  bending  moment  at  the  same  point  due  to  dead  load,  dead  load  =  30 

lbs.  per  foot  of  joist,  will  be  M=  300  x  1 1.35  —  J  X  30  x  11.35* 
=  15,940  in.-lbs. 
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Total  bending  moment  due  to  dead  and  live  loads  =  176,600 -f- 15,940 

•    =  192,540  in.-lbs. 
Actual  unit  stress  =  S  =  Mc/I=  (192,540  X  3i")/36.2  =  18,500  lbs. 
Allowable  unit  stress  =  13,000  lbs. 
Efficiency  =  1 3,000/18,500  =  0.70. 


FLOORBEAMS.— The  floorbeams  are  Is  is"@  50  lbs.,  16'  5" 
long.     The  clear  span  will  be  assumed  to  be  16'  5". 

(a)   Uniform  Load. — 
Dead  load  of  floor  per  lineal  foot  of  bridge  =225  lbs. 

Weight  of  joist  per  lineal  foot  of  bridge,  2  lines  7"  [s  @  9f  lbs.  =    19  lbs. 
Weight  of  joist  per  lineal  foot  of  bridge,  7  lines  7"  Is  @  15  lbs.  =  105  lbs. 

Total  dead  load  per  lineal  foot  of  bridge  =  345  lbs. 

Dead  load  carried  by  one  fioorbeam  =  345  X  20  =  6,900  lbs. 
Weight  of  fioorbeam  =  16'  5"  X  50  lbs.  ==    825  lbs. 

The  weight  of  the  fioorbeam  is  less  than  10  per  cent  of  the  total 
live  and  dead  load,  and  may  be  neglected  (§48). 

Live  load  carried  by  one  fioorbeam^  17  X  20  X  100  =  34,000  lbs. 
Total  dead  and  live  load  carried  by  one  fioorbeam  =40,900  lbs. 
Maximum  bending  moment  =:4  xlV  Xl  =  iX  40,900  X  i&  5"  X  12 

=:  966,876  in.-lbs. 
Actual  unit  stress  =  5*  =  M-c//=  (966,876  X  7i)/483.4=  15,000  lbs. 
Allowable  unit  stress  =  13,000  lbs. 
Efficiency  =  13,000/1 5,000 = 0.87. 
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Fig.  305. 

(b)  Concentrated  Loads, — The  concentrated  load  is  the  same  trac- 
tion engine  as  was  used  in  investigating  the  joists. 
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The  large  wheels,  Fig.  305,  will  be  directly  over  the  floorbeam  with 
one  of  the  wheels  as  far  from  one  end  of  the  floorbeam  as  the  center 
of  gravity  of  the  two  wheels  is  from  the  other  end  of  the  floorbeam. 

The  maximum  bending  moment  will  occur  under  the  wheel  that  is 
nearest  the  center.     The   reaction  at  each   wheel  will  be  =5,267 

+  (2,633  X  1 1 .87 )  /20  =  6,826  lbs. 
The  reaction  at  the  right  end  is  /?2=  [6,826  X  (3-83 +  9-67)] /16.416 

=  5,610  lbs. 
The  maximum  bending  moment  =  M  =  5,610  X  8i"  =  454,50o  in.-lbs. 
Dead    load    bending   moment   at   the    same   point   =3450X81"  — 

(3450  X  81  X  6f  )/(i64i6  X12)  =  164,450  in.-lbs. 
Total  bending  moment  =:  454,500  +  164,450=618,950  in.-lbs. 
Actual  unit  stress=:5'  =  M.c//=:  (618,950  X  7i)/483.4  =  9,650  lbs. 
Allowable  fiber  stress  =  13,000  lbs. 
Efficiency  =  13,000/9,650=:  1.45. 

Floorbeam  Connection. — Floorbeams  L^,  Lj,  L,  and  L^. 
Maximum   end   shear  including  weight  of  floorbeam  =4X41,725 

=  20,863  lbs. 
Connection  angles  =:  2  angles  2^"  X  2 J"  X  i"  X  i'  10"  long. 

(i)  Rivets  in  Floorbeams. 

(A)  Bearing, 

(a)  In  Web  of  Floorbeam. — Thickness  of  web  =  0.56";  10.  f" 
shop  rivets. 

Bearing  on  one  rivet  =  20,863/10  =  2,086  lbs. 

Allowable  bearing  of  one  rivet  on  a  0.56"  plate  =:  6,075  ^^* 

(b)  On  Plates. — Ten  f"  rivets  in  each  plate. 
Bearing  on  one  rivet  =  20,863/20  =1,043  ^^s. 
Allowable  bearing  of  one  rivet  on  a  J"  plate  =  3,375  lbs. 

(B)  Shear, — Shear  on  one  rivet  =1,043  't)s. 
Allowable  shear  on  one  J"  rivet  =  3,554  lbs. 

(2)  Rivets  in  Connection  Angles. 

(A)  Bearing, — Ten  f"  field  rivets. 

(a)  Bearing  on  the  Two  J"  Connection  Plates, — Bearing  on  one 
rivet  =  20,863/10  =  2,086  lbs.  Allowable  bearing  of  a  f"  field  rivet 
on  two  J"  plates  =  3,600  lbs. 

(b)  Bearing  on  Connection  Angles, — Actual  bearing  on  one  rivet 
=  20,863/20=:  1,043  ^^^' 

Allowable  bearing  of  one  f"  field  rivet  on  a  J"  plate  =  1,800  lbs. 
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(B)  Shear. — Shear  on  one  f"  field  rivet  =  20,863/20^  1*043  ^l^s. 
Allowable  shear  on  one  |"  field  rivet  =  2,356  lbs. 

(3)  Rivets  in  Posts. 

(A)  Bearing. — Eight  f"  shop  rivets  on  each  side. 

(a)  Bearing  on  IVeb  of  Channel, — ^Thickness  of  web  =  0.20". 
Bearing  of  one  rivet  on  the  web  =  20,863/16=  1,304  lbs. 
Allowable  bearing  of  one  f"  rivet  on  a  0.20"  plate  =  2,160  lbs. 

(b)  Bearing   on   Angles.  —  Bearing   of   one   rivet   on   the   angle 
=  20,863/16  =  1,304  lbs. 

Allowable  bearing  of  one  J"  rivet  on  a  J"  plate  =  2,700  lbs. 

(B)  Shear. — The  shear  on  one  rivet  =  20,863/16=:  1,304  lbs. 
Allowable  shear  of  one  f"  rivet  =3,534  lbs. 

LOWER  LATERAL  SYSTEM.    Panel  LoL^.— One  rod  il"^ 

X  25'  8"  long.     Area  of  rod  =  1.485  sq.  in. 
Maximum  stress  in  member  =  36,630  lbs. 
Actual  unit  stress  =  36,630/1.485  =  24,700  lbs. 
Allowable  unit  stress  =  18,000  lbs.  (§36a). 

The  rod  should  have  an  area  of  2.04  sq.  in.,  which  would  require  a 
if"  4>  rod. 

Panel  LiLg. — One  rod  il"<^X25'  9"  long.    Area  of  rod  =1.28 
sq.  in. 

Maximum  stress  in  member  =  28,305  lbs. 
Actual  unit  stress  ^28,305/1 .28  =  23,000  lbs. 
Allowable  unit  stress  =  18,000  lbs. 
The  rod  should  have  an  area  of  1.57  sq.  in.,  which  would  require  a 

Panel  LjLg. — One  rod  ii"<f>X25'  9"  long.    Area  of  rod  =: 0.99 
sq.  in. 

Maximum  stress  in  member=  18,315  lbs. 
Actual  unit  stress  =  18,315/0.99=  18,500  lbs. 
Allowable  unit  stress  =  18,000  lbs. 

Panel  L3L4. — One  rod  i"<^X25'  2"  long.    Area  of  rod =0.785 

sq.  in. 

Maximum  stress  in  member  =  8,880  lbs. 
Actual  unit  stress  =  8,880/0.785  =  1 1 ,300  lbs. 
Allowable  stress  =  18,000  lbs. 

Lateral  Pin  at  Lo- — The  pin  is  ii*^"  diameter. 
Stress  in  pin  =  36,630  lbs. 


UPPER  LATERAL  SYSTEM. 


505 


Bearing  on  Pin. — ^Assume  rod  flattened  to  i"  wide. 
Area  of  bearing  on  pin=  i"  X  1.3125"=  1.3125  sq.  in. 
Actual  unit  bearing  stress  =  36,630/1.3125  =  27,900  lbs. 
Allowable  unit  bearing  =  18,000  X  1.40=:  25,200  lbs. 

Shear. — Area  of  cross-section  of  the  pin  =  2"  X  1.35"  =  2.70  sq.  in. 
Actual  unit  shear  =  36,630/2.70=  13,560  lbs. 
Allowable  unit  shear  =  10,000  X  140=  14,000  lbs. 

Lateral  Connection. — The  lateral  connection  on  the  floorbeam,  at 
Li,  receives  a  maximum  stress.    The  maximum  stress  =  24,750  lbs. 
6  f "  rivets  take  the  stress  in  single  shear. 
Actual  shear  on  one  rivet  =  24,750/6  =  4,125  lbs'. 
Allowable  shear  on  one  f"  rivet  ^6,185  lbs. 

UPPER  LATERAL  SYSTEM,     (i)  Diagonal  Rods.    Panel 
UjUa. — One  rod  ij"^  X  26'  4 J"  long.     Area  of  rod=:  1.23  sq.  in. 
Maximum  stress  =  5,550  lbs. 
Actual  unit  stress  =:  5,550/1.23  =  4,570  lbs. 
Allowable  unit  stress  =18,000  lbs. 
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Fig.  306.    Sway  Bracing. 

Panel  UjU,. — One  rod  1^^X26'  4"  long.    Area  of  rod  =  0.99 
sq.  in. 

Maximum  stress  =  3,330  lbs. 
Actual  unit  stress  =  31330/0.99  =  3,400  lbs. 
Allowable  unit  stress  =  18,000  lbs. 

Panel  UsU4. — One  rod  i"<^  X  26'  2\"  long.    Area  of  rod  =:  0.785 
sq.  in. 
Maximum  stress  =  i,t  10  lbs. 
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Actual  unit  stress  =  1,110/0.785  =  1430  lbs. 
Allowable  unit  stress  =  18,000  lbs. 

Lateral  Connections.     Connection  at  U^, — 
Stress  =  5,550  lbs.     The  stress  is  transmitted  by  6  J"  rivets  in  single 

shear. 
Actual  shear  on  one  rivet  =  5,550/6  =  926  lbs. 
Allowable  shear  on  one  f"  rivet  =  6,185  lbs. 

(2)  Top  Lateral  Struts.  Strut  U2U,  carries  a  maximum  stress 
and  will  be  analyzed.  The  top  lateral  strut  is  composed  of  4  angles 
3"X2rxrXi6'-o". 

Moment  of  inertia  about  axis  A-A. 

/  =  /'  +  Ad^  =  4(  1.09  +  1. 19  X  1.24^) 
=  ii.6y^* 

r=Vi"iJ68747^=i.57";  //r=  192/1.57  =  123. 
Actual  unit  stress  =  6,375/4.76=  1,340  lbs. 
Allowable  unit  stress  =  13,000  —  60 •//r  =  5,660  lbs. 

Rivets  at  the  End, — The  stress  is  carried  by  12  f"  field  rivets. 
These  will  carry  a  shear  of  12  X  2,863  =  34,356  lbs.  (Table  LXXVI), 
which  is  ample. 

(3)  Sway  Strut. — Sway  strut  A-B  at  f/j  will  be  considered  only. 
The  member  is  composed  of  2  angles  3^'  X  2^"  X  i"  X  i&  5i". 
Radius  of  gyration  about  axis  A-A  =  1.04". 

Radius  of  gyration  about  axis  B-B=  1.12". 
l/r=  190  (too  large,  should  not  exceed  150,  §37a). 
Actual  unit  stress  =  1,875/3.12  =  600  lbs. 
Allowable  unit  stress  =  13,000  —  60 -//r  =  1,600  lbs. 
The  member  is  poorly  designed. 

(4)  Sway  Rods. — One  rod  J"  <f>.  Area  of  one  rod =0.60  sq.  in. 
Maximum  stress  =  3,960  lbs. 

Actual  unit  stress  =  3,960/0.60  =  6,600  lbs. 
Allowable  unit  stress  =  18,000  lbs. 

PORTAL.    Member  F-E-D.    Member  is  composed  of  2  angles 

3r  X  2i"  X  A". 

Radius  of  gyration  about  axis  A-A  =  i.68'\ 
Radius  of  gyration  about  axis  B-J?=:0.73". 
Ratio  of  l/r  about  axis  5-5=96/0.73=  131. 
Ratio  of  l/r  about  axis  A-A  =  192/1.68=  115. 
Ratio  of  l/r  should  not  exceed  150  (§37a). 


PORTAL. 
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Allowable  unit  stress =P=  13,000  —  6o-//r  =  5,140  lbs.  (§37a). 
Maximum    compressive    stress    =  15,880  +  0.8(9,150)  =  23,200    lbs. 

(§42a). 
Actual  unit  compressive  stress  =  23,200/3.56  =6,500  lbs. 
Maximum  tensile  stress  =: 9, 130  +  0.8(9,130)  =  16434  lbs.  (§42a). 
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Fig.  307.    Portal. 


Net  area  =  3.56  —  0.44  =  3.12  sq.  in. 
Actual  unit  tension  =  16,434/3.12  =  5,270  lbs. 
Allowable  unit  stress  =18,000  lbs.  (§36a). 

Members  G-E  and  E-C, — Same  section  as  F-E-D. 
Maximum  compression  =  17,635 +  0.8(17,635)  ^31,743  lbs.  (§42a). 
Ratio  of  l/r  about  axis  5-5  =  72/0.73  =  100. 
Ratio  of  l/r  about  axis  A-A  =  144/1.68  =  86. 
Allowable  stresses  ==P  =  13,000  —  6o//f  =  7,000  lbs.  (§37a). 
Actual  unit  stress  =:  31,743/3.56  =  8,900  lbs. 
Maximum  tensile  stress  =  31,743  lbs. 
Net  section  =  3.56  —  0.44  =  3.12  sq.  in. 
Actual  unit  tension  =  31,743/3.12=  10,170  lbs. 
Allowable  unit  stress  =  18,000  lbs.  (§36a). 
Rivets  at  the  foot  of  knee  brace.     Five  f "  field  rivets  take  a  stress  of 

31,743  lbs.  in  single  shear  (§42a). 
Actual  shear  on  one  rivet  =  31,743/5  =  6,345  lbs. 
Allowable  shear  on  one  |"  field  rivet  =  4,123  lbs.  (Table  LXXVII). 
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Rivets  at  the  Middle  of  the  Top  Strut. — 
Five  f"  shop  rivets  take  a  stress  of  31,743  lbs.  in  single  shear  (§42a). 
Actual  shear  on  one  rivet  =  31,743/5  =  6,350  lbs. 
Allowable  shear  on  one  f"  shop  rivet  =  6,185  lbs.  (Table  LXXVII). 
Bearing  on  the  J"  plate.     The  bearing  on  the  J"  plate  =  7,935  lbs. 
The  allowable  bearing  of  a  |"  rivet  on  a  J"  plate  =  4,725  lbs. 

Rivets  at  End  of  F-D, — 
Twelve  J"  field  rivets  take  a  stress  of  23,200  lbs.  in  single  shear  (§42a). 
Actual  shear  on  one  rivet  =  23,200/12=  1,940  lbs. 
Allowable  shear  on  one  |"  field  rivet  =  4,123  lbs. 
Bearing  on  the  J"  plate  =1,940  lbs.     The  allowable  bearing  of  one 
J"  field  rivet  on  a  J"  plate  =  3,150  lbs. 

PEDESTALS.       (i)  Bearing  of  Pin  on  the  IV eb  (see  pin  L^), 
(2)   (§86  and  87)  :  Vertical  webs  on  the  bolster  plates  and  connec- 
tions are  not  as  specified. 

Base  plates  and  webs  are  i"  thick  or  more  as  specified. 
Bed  plates  are  bolted  to  masonry  as  specified  by  ij"  bolts. 

ROLLERS. — Each  nest  is  composed  of  6  2"  rollers  i'  3f "  long. 
Minimum  diameter  =  3.6"  ( §  84) . 
Load  on  the  rollers  =  76,650  lbs. 
Total  length  of  rollers  =  6  X  I5f"  =  94i". 
The  load  per  lineal  inch  =  76,650/94^=:  811  lbs. 
Allowable  pressure  per  lineal  inch  of  rollers  =  2  X  300  =  600  lbs. 

The  rollers  are  insufficient. 

Top  Chord  Splice. — §  73  requires  that  there  be  two  rows  of  closely 
spaced  rivets  on  each  side  of  the  splice,  which  is  satisfied. 

The  student  should  compare  the  bridge  with  the  specifications  in 
Appendix  I,  in  detail;  and  should  prepare  a  tabulated  report  on  the 
efficiencies  of  the  different  parts. 


APPENDIX   I. 

General  Specifications  for  Steel  Highway  Bridges. 
By  Milo  S.  Ketchum,  M.  Am.  Soc.  C.  E. 

Introduction. — In  preparing  these  specifications  the  author  has  made  use 
of  various  standard  specifications:  Classes  of  Highway  Bridges  A,  B  and  C  as 
used  by  Theodore  Cooper  and  the  American  Bridge  Company  have  been 
adopted;  while  their  Qass  D  has  been  divided  into  Class  Di  and  Da.  The 
classes  of  electric  railway  bridges  used  by  C.  C.  Schneider  in  his  "  Specifications 
for  Electric  Railway  Bridges"  have  been  adopted,  and  have  been  named  Ei, 
Ea  and  E«.  The  allowable  stresses  and  the  specifications  for  materials  and 
workmanship  as  given  in  the  Standard  Bridge  Specifications  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  have  been  adopted 
with  slight  necessary  modifications.  The  impact  coefficient  for  highway  bridges 
has  been  taken  as  one-half  the  value  prescribed  for  railway  bridges. 

The  author  has  used  the  stresses  and  the  method  of  dimensioning  given  in 
Cooper's  "General  Specifications  for  Steel  Highway  and  Electric  Railway 
Bridges  and  Viaducts  "  in  the  "  Calculation  of  the  Efficiencies  of  the  Members 
of  a  Steel  Highway  Bridge,"  Part  HI,  and  has  therefore  given  Cooper's  stresses 
as  alternate  allowable  stresses.  Either  set  of  allowable  stresses  may  be  used  in 
designing  highway  bridges. 

Attention  is  called  to  the  fact  that  a  minimum  thickness  of  metal  of  i  in., 
and  a  maximum  ratio  of  Mr  in  compression  members  of  125  and  150  in  main 
and  lateral  members,  respectively,  are  allowed  in  Class  Di  and  Class  Da  bridges. 

GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY   BRIDGES. 

PART  I.    DESIGN. 

General  Description. 

1.  Classes. — Bridges  under  these  specifications  are  divided  into  eight  classes, 
as  follows: 

Qass  A. — For  city  traffic. 

Class  B. — For  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Qass  C. — For  country  roads  with  ordinary  traffic  and  light  electric  cars. 

Class  Di. — For  country  roads  with  heavy  traffic. 

Qass  Da. — For  country  roads  with  light  traffic. 

Class  El. — For  heavy  electric  street  railways  only. 

Qass  Ea. — For  medium  electric  street  railways  only. 

Qass  Ea. — For  light  electric  street  railways  only. 

2.  Material. — All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the 
flooring,  floor  joists  and  wheel  guards,  when  wooden  floors  are  used.    Cast  iron 
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or  cast  steel  may  be  used  in  the  machinery  of  movable  bridges  for  wheel  guards, 
and  in  special  cases  for  bed  plates. 

3.  T3rpc8  of  Truss. — The  following  types  of  bridges  are  recommended : 
Spans  up  to  30  feet — Rolled  beams. 

Spans  from  30  to  80  feet — Riveted  plate  girders,  or  riveted  low  trusses  for 
classes  A,  6,  Ei,  £a  and  Es;  and  riveted  low  trusses  for  classes  C,  Dx  and  Di. 

Spans  80  to  160  feet — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  200  feet — Pin-connected  trusses  of  the  Pratt  type  with  inclined 
chords. 

Spans  over  200  feet — Pin-connected  trusses  of  the  Petit  type. 

4.  Length  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be 
taken  as  the  distance  between  centers  of  end  pins  for  pin-connected  trusses, 
centers  of  end  bearing  plates  for  riveted  trusses  and  for  girders,  and  center  to 
center  of  trusses  for  floorbeams. 

5.  Form  of  Trusses. — The'  form  of  truss  shall  preferably  be  as  given  in 
paragraph  3.  In  through  trusses  the  end  vertical  suspenders  and  the  two 
panels  of  the  lower  chord  at  each  end  shall  be  made  rigid  members  if  the  wind 
load  produces  a  reversal  of  stress  in  the  lower  chord.  In  through  bridges  the 
floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bracing. — ^AU  lateral  and  sway  bracing  shall  preferably,  and  all 
portal  bracing  must  be,  made  of  shapes  capable  of  resisting  compression  as  well 
as  tension,  and  shall  have  riveted  connections.  Low  trusses  and  through  plate 
girders  shall  be  stayed  by  knee  braces  or  gusset  plates  at  each  floorbeam. 

7.  Spacing  of  Trusses. — For  bridges  carrying  electric  cars  the  clear  width 
from  the  center  of  the  track  shall  not  be  less  than  7  feet  at  a  height  exceeding 
one  foot  above  the  track  where  the  tracks  are  straight,  and  an  equivalent  dis- 
tance when  the  tracks  are  curved.  The  distance  between  centers  of  trusses 
shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-pins  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room. — For  classes  A,  B,  C,  Di,  Ei,  E«  and  Et  the  clear  head  room 
for  a  width  of  six  (6)  feet  on  each  track,  or  the  center  of  the  bridge  shall  not 
be  less  than  15  feet,  and  for  class  D2  not  less  than  I2i  feet. 

9.  Footwalks. — ^Where  footwalks  are  required,  they  shall  generally  be 
placed  outside  of  the  trusses  and  be  supported  on  longitudinal  beams  resting  on 
overhanging  steel  brackets. 

10.  Handrailing.— A  strong  and  suitable  handrailing  shall  be  placed  at  each 
side  of  the  bridge  and  be  rigidly  attached  to  the  superstructure. 

11.  Trestle  Towers. — Trestle  bents  shall  preferably  be  composed  of  two 
supporting  columns,  two  bents  forming  a  tower;  each  tower  thus  formed  shall 
be  thoroughly  braced  in  both  directions  and  have  struts  between  the  feet  of 
the  columns.  The  feet  of  the  columns  must  be  secured  to  an  anchorage  capable 
of  resisting  one  and  one-half  times  the  specified  wind  forces  (§89). 

Each  tower  shall  have  a  sufficient  base,  longitudinally  to  be  stable  when 
standing  alone,  without  other  support  than  its  anchorage.  Tower  spans  for 
high  trestles  shall  not  be  less  than  30  feet. 
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12.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete 
stress  sheets,  general  plans  of  the  proposed  structures,  and  such  detail  drawings 
as  will  clearly  show  the  dimensions  of  all  the  parts,  modes  of  construction  and 
sectional  areas. 

13.  Drawings. — ^Upon  the  acceptance  and  the  execution  of  the  contract,  all 
working  drawings  required  by  the  engineer  shall  be  furnished  free  of  cost 
(§i68). 

14.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered 
until  the  working  drawings  have  been  approved  by  the  engineer  in  writing. 

FLOOR   SYSTEM. 

15.  Floorbeams. — All  floorbeams  shall  be  rolled  or  riveted  steel  girders, 
rigidly  connected  to  the  trusses  at  the  panel  points,  or  may  be  placed  on  the  top 
of  deck  bridges  at  panel  points.  Floorbeams  shall  preferably  be  square  to  the 
trusses  or  girders. 

16.  Joists  and  Stringers.— All  joists  and  stringers  of  bridges  of  classes  A, 
B,  £1,  £3  and  £•  shall  be  of  steel.  Bridges  of  classes  C,  Dj  and  D*  may  be 
either  of  wood  or  steel  as  specified.  Steel  joists  shall  be  securely  fastened  to 
the  cross  floorbeams,  and  steel  stringers  shall  preferably  be  riveted  to  the  webs 
of  floorbeams  by  means  of  connection  angles  at  least  A  in.  thick. 

17.  End  Spacers  for  Stringers.— Where  end  floorbeams  cannot  be  used, 
stringers  resting  on  masonry  shall  have  cross-frames  near  their  ends.  These 
frames  shall  be  riveted  to  girder  or  truss  shoe  where  practicable. 

18.  Wooden  Joists. — Wooden  floor  joists  shall  be  spaced  not  more  than  2i 
feet  centers,  and  shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the 
floorbeams,  and  shall  be  separated  i  inch  for  free  circulation  of  air.  Their 
width  shall  not  be  less  than  3  inches,  or  one-fourth  the  depth  in  width.  When 
spaced  not  more  than  2  feet  centers,  one  joist  shall  be  considered  as  carrying 
one-half  of  the  concentrated  live  load.  Oak,  longleaf  yellow  pine  and  Oregon 
fir  are  to  be  designed  for  a  safe  bending  of  1,200  lbs.  per  sq.  in.,  bearing  across 
the  fiber  of  350  lbs.  per  sq.  in.,  and  shearing  along  the  fiber  of  100  lbs.  per  sq.  in. 

19.  Steel  Joists. — Steel  beams  when  used  as  joists  shall  have  a  depth  of 
not  less  than  one-thirtieth  of  the  span,  and  one-twentieth  of  the  span  when 
used  as  track  stringers.  Steel  joists  shall  be  spaced  not  to  exceed  3  feet  centers. 
When  spaced  not  to  exceed  2  feet  centers,  one  joist  shall  be  considered  as 
carrying  one-half  the  concentrated  load;  when  spaced  more  than  2  feet  and  not 
more  than  3  feet  one  joist  shall  be  considered  as  carrying  two-thirds  of  the 
concentrated  load. 

20.  Floor  Plank. — For  single  thickness  the  roadway  planks  shall  not  be  less 
than  2i  inches  thick  for  oak  or  3  inches  for  pine,  nor  less  than  one-twelfth  of 
the  distance  between  centers  of  joists,  and  shall  be  laid  transversely  with  I 
inch  openings  and  securely  spiked  to  each  joist.  All  plank  shall  be  laid  with 
heart  side  down.  When  an  additional  wearing  surface  is  required  it  shall  be  li 
inches  thick,  and  the  lower  planks  of  a  minimum  thickness  of  2J  inches  shall 
be  laid  diagonally  with  i  inch  openings. 
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21.  Footwalk  plank  shall  be  not  less  than  2  inches  thick  nor  more  than  6 
inches  wide,  spaced  with  i  inch  openings. 

All  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bear- 
ing on  and  be  firmly  attached  to  the  joists. 

22.  Wheel  Guards. — Wheel  guards  of  a  cross-section  of  not  less  than  6 
inches  by  4  inches  shall  be  provided  on  each  side  of  the  roadway.  They  shall 
be  spliced  with  half-and-half  joints  with  6  inches  lap,  and  shall  be  bolted  to  the 
stringers  or  joist  with  f  inch  bolts,  spaced  not  to  exceed  5  feet  apart. 

23.  Solid  Floor. — For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of 
wooden  blocks,  brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended. 
For  this  case  the  floor  shall  consist  of  buckle  plates  or  corrugated  sections  or 
other  satisfactory  reinforcement,  and  a  waterproof  concrete  (bitumen  or  cement) 
bed  not  less  than  3  inches  thick  for  the  roadway  and  2  inches  thick  for  the 
footwalk,  over  the  highest  point  to  be  covered,  not  counting  rivet  or  bolt  heads. 
The  floor  shall  be  laid  with  a  slope  of  at  least  one  inch  in  10  feet. 

24.  Buckle  plates  shall  not  be  less  than  A  inch  thick  for  the  roadway  and 
i  inch  thick  for  the  footwalk.  The  crown  of  the  plates  shall  not  be  less  than 
2  inches. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard 
on  each  side  of  the  roadway  shall  be  of  stone  or  steel  projecting  about  6  inches 
above  the  finished  paving  at  the  gutter.  The  curb  shall  be  so  arranged  that  it 
can  be  removed  and  replaced  when  worn  or  injured.  There  shall  also  be  a 
metal  edging  strip  on  each  side  of  the  footwalk  to  protect  and  hold  the  paving 
in  place. 

26.  Drainage. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of 
the  metal  work. 

27.  Floor  of  Classes  Ei,  Ea,  and  Ea. — The  floors  of  classes  Ei,  Ea,  and  Ej 
shall  consist  of  cross-ties  not  less  than  6  inches  by  6  inches  for  stringers  spaced 
6i  feet,  and  larger  for  greater  spacings,  they  shall  be  spaced  with  openings  not 
exceeding  6  inches,  shall  be  notched  down  i  inch,  and  secured  to  the  supporting 
stringers  by  i  inch  bolts  spaced  not  over  6  feet  apart.  The  ties  shall  extend 
the  full  width  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend 
the  full  width  in  through  bridges  to  carry  the  footwalk.  Ties  shall  be  designed 
for  the  same  allowable  unit  stresses  as  wooden  joists. 

There  shall  be  guard  timbers  not  less  than  6  inches  by  6  inches,  or  5  inches 
by  7  inches,  on  each  side  of  each  track,  with  their  inner  faces  not  less  than  9 
inches  from  the  center  of  the  rail.  They  shall  be  notched  i  inch  over  every 
tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  inches  lap. 
Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a 
I  inch  bolt.  All  heads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be 
countersunk  below  the  surface  of  the  wood. 

PART  II.    LOADS. 

28.  Dead  Load. — The  dead  load  will  consist  of  (i)  the  weight  of  the 
metal,  and  (2)  the  weight  of  the  timber  in  the  floor,  or  of  the  material  other 
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than  steel.  In  determining  the  dead  load  the  weight  of  oak  or  other  hard 
woods  shall  be  taken  at  4^  lbs.  per  foot  board  measure,  and  the  weight  of  pine 
or  other  soft  woods  at  3^  lbs.  per  foot;  the  weight  of  concrete  and  asphalt  at 
130  pounds,  of  paving  brick  at  150  pounds,  and  of  granite  at  160  pounds  per 
cubic  foot. 

The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall 
be  assumed  to  weigh  not  less  than  100  pounds  per  lineal  foot  of  track. 

29.  Live  Load. — The  bridges  of  different  classes  shall  be  designed  to  carry, 
in  addition  to  their  own  weight  and  that  of  the  floor,  a  moving  load,  either 
uniform  or  concentrated,  or  both,  as  specified  below,  placed  so  as  to  give  the 
greatest  stress  in  each  member. 

Class  A.  For  City  Traffic. — For  the  floor  and  its  supports,  on  any  part  of 
the  roadway  or  on  each  of  the  street  car  tracks,  a  concentrated  load  of  24  tons 
on  two  axles  10  feet  centers  and  5  feet  gage  (assumed  to  occupy  12  feet  in 
width  for  a  single  line  or  22  feet  for  a  double  line),  and  upon  the  remaining 
portion  of  the  floor,  including  walks,  a  load  of  100  pounds  per  square  foot. 

Loads  for  the  trusses  as  per  Table  L 

Class  B,  For  Suburban  or  Interurban  Traffic. — For  the  floor  and  its  sup- 
ports, on  any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles 
10  feet  centers  and  5  feet  gage  (assumed  to  occupy  a  width  of  12  feet),  or  on 
each  street  car  track  a  concentrated  load  of  24  tons  on  two  axles  10  feet  centers ; 
and  on  the  remaining  portion  of  the  floor,  including  footwalks,  a  load  of  100 
pounds  per  square  foot. 

Loads  for  the  trusses  as  per  Table  I. 

Class  C.  For  Highway  and  Light  Interurban  Traffic. — For  the  floor  and 
its  supports,  on  any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on 
two  axles  10  feet  centers  and  5  feet  gage  (assumed  to  occupy  a  width  of  12 
feet),  or  on  each  street  car  track  a  concentrated  load  of  18  tons  on  two  axles 
10  feet  centers;  and  upon  the  remaining  portion  of  the  floor,  including  foot- 
walks,  a  load  of  100  pounds  per  square  foot. 

Loads  for  the  trusses  as  per  Table  I. 

Class  Dt.  Heavy  Country  Bridges. — For  the  floor  and  its  supports,  a  load 
of  100  pounds  per  square  foot  of  total  floor  surface  or  a  12-ton  traction  engine 
with  axles  10  feet  centers  and  6  feet  gage,  two-thirds  of  the  load  to  be  carried 
on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed 
for  a  load  of  less  than  1,000  pounds  per  lineal  foot  of  bridge. 

Class  Dt.  Ordinary  Country  Bridges. — For  the  floor  and  its  supports,  a 
load  of  80  pounds  per  square  foot  of  total  floor  surface  or  an  8-ton  traction 
engine  with  axles  8  feet  centers  and  6  feet  gage,  two-thirds  of  the  load  to  be 
carried  on  the  rear  axles. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed 
for  a  load  of  less  than  800  pounds  per  lineal  foot  of  bridge. 

Class  El.  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of 
concentrations  consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being 
spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10 
ft,  the  pairs  of  trucks  being  spaced  15  ft.  centers.    The  axles  are  loaded  with  a 

34 
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load  of  40,000  lbs.,  making  a  total  of  160,000  lbs.  Or  a  uniform  load  of  6,000 
lbs.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500  lbs.  per  lineal 
foot  for  spans  of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

Class  Et.  For  Medium  Electric  Railways  0«/y.— On  each  track  a  series  of 
concentrations  consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being 
spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10 
ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with 
a  load  of  25,000  lbs.,  making  a  total  load  of  100,000  lbs.  Or  a  uniform  load  of 
3,500  lbs.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  2,000  lbs.  per  lineal 
foot  for  spans  of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

Class  Et.  For  Light  Electric  Railways  Only. — On  each  track  a  series  of 
concentrations  consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being 
spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10 
ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a 
load  of  20,000  lbs.,  making  a  total  load  of  80,000  lbs.  Or  a  uniform  load  of 
2,500  lbs.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lbs.  per  lineal 
foot  for  spans  of  200  ft.  and  over,  and  proportionately  for  intermediate  spans. 

TABLE  I. 
Live  Loads  for  the  Trusses. 


Class  A. 

Span  in  Fbbt. 

Pounds  per 

Lineal  Foot  of 

£achCar 

Track. 

Pounds  per 
Sooare  Foot  of 

Remaining 
Floor  Surface. 

Up  to 

100 

1,800 

1,770 
1,740 
1,710 
1,680 
1,650 
1,620 

1,590 
1,560 

1.530 
1,500 

1,470 
1,440 

i,4io 

1,380 

I.350 
1,320 
1,290 
1,260 
1,230 
1,200 

100 

99 
98 

97 

96 

95 

94 

93 
92 

91 

88 

87 
86 

85 
84 

82 
8[ 
80 

los 

*^o 

no 

lis 

**o»«««  •■ •• 

120 

I2S 

*    O"  ••••••  ••••• 

I70 

*o^ 

l\^ 

*oo 

JAO 

.ft(^v........a.  ••• 

145 

150 

ICS 

160 

i6«; 

170 

■■  i^'  •' •• 

176; 

*  #0 

180 

185 

100 

*-y^ •  ••■ 

IQ«; 

*  yo 

200  and  over 

Class  B. 


li 


i^< 


1,800 

80 

1,770 

79 

1,740 

78 

1,710 

77 

1,680 

76 

1,650 

75 

1,620 

74 

1,590 

73 

1,560 

72 

1.530 

71 

1,500 

70 

1,470 

69 

1,440 

68 

1,410 

67 

1.380 

66 

1.350 

65 

1,320 

64 

1,290 

63 

1,260 

62 

1,230 

61 

T,200 

60 

Class  C. 


CI—   (J   C 


J  Ml 

CO      *** 


1,200 

1,190 

1,180 

1,170 

1,160 

1. 150 
1,140 

1,130 

1,120 
1,110 
1,100 
1,090 

1,080 

1,070 

1,060 

1,050 

1,040 

1,030 

1,020 
1,010 

T,000 


80 

79 

78 

77 
76 

75 

74 

73 
72 

71 
70 
69 
68 

67 
66 

65 
64 

63 
62 

61 

60 


Class  D^.    Class  D 


80 

79 

78 

77 
76 
75 
74 

73 

72 

71 
70 

69 
68 

67 
66 

65 
64 

63 
62 

61 

60 


^11 
^11 


'S^ 


75 
74 

73 

72 

71 
70 

69 
68 

67 
66 

65 
64 
63 
62 
61 
60 

59 
58 

57 
56 

55 


30.  Wind  Load8.—The  top  lateral  bracing  in  deck  bridges  and  the  bottom 
lateral  bracing  in  through  bridges,  shall  be  designed  to  resist  a  lateral  wind  load 
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of  300  pounds  for  each  foot  of  span;  150  pounds  of  this  to  be  treated  as  a 
moving  load. 

The  bottom  lateral  bracing  in  deck  bridges,  and  the  top  lateral  bracing  in 
through  bridges,  shall  be  designed  to  resist  a  lateral  wind  force  of  150  pounds 
for  each  foot  of  span.  In  bridges  with  sway  bracing  one-half  of  the  wind  load 
may  be  assumed  to  pass  to  the  lower  chord^  through  the  sway  bracing.  For 
spans  exceeding  300  feet,  add  in  each  of  the  above  cases  10  pounds  additional 
for  each  additional  30  feet. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the 
following  lateral  forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads : 
The  trusses  loaded  or  unloaded  the  lateral  pressures  specified  above;  and  a 
lateral  pressure  of  100  pounds  for  each  vertical  lineal  foot  of  trestle  bent. 

32.  Temperature. — Stresses  due  to  a  variation  in  temperature  of  150  degrees 
shall  be  provided  for  (§81). 

33.  Centrifugal  Force  of  Train. — Structures  located  on  curves  shall  be 
designed  for  the  centrifugal  force  of  the  live  load  acting  at  the  top  of  the  rail. 
The  centrifugal  force  shall  be  calculated  by  the  following  formula : 

C  =  (0.043  —  0.003/)  )  W.D 
where  C  =  centrifugal  force  in  lbs. 

W^  =  weight  of  train  in  lbs. 
Z)  =  degree  of  curvature. 

34.  Longitudinal  Forces. — The  stresses  produced  in  the  bracing  of  the 
trestle  towers,  in  any  members  of  the  trusses,  or  in  the  attachments  of  the 
girders  or  trusses  to  their  bearings,  by  suddenly  stopping  the  maximum  electric 
car  trains  on  any  part  of  the  work  must  be  provided  for;  the  coefficient  of 
friction  of  the  wheels  on  the  rails  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be 
accurately  calculated. 

PART  III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS.* 

36.  Unit  Stresses. — All  parts  of  the  structure  shall  be  proportioned  so  that 
the  sum  of  the  maximum  stresses  shall  not  exceed  the  following  amounts  in 
lbs.  per  sq.  in.,  except  as  modified  by  §  45  and  §  48. 

Impact. — The  dynamic  increment  of  the  live  load  stress  shall  be  added 
to  the  maximum  live  load  stresses  and  shall  be  determined  by  the  formula 

/==5'.i50/(L  +  300) 

where      /  =  impact  increment  to  be  added  to  the  live  load  stresses ; 
5"  =  computed  live  load  stress; 

J[,  =  loaded  length  of  bridge  in  feet  producing  the  maximum  stress  in 
the  member. 

♦Sections  36a  to  42a,  inclusive,  may  be  substituted  for  sections  36  to  42, 
inclusive. 
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Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  cen- 
trifugal and  lateral  or  wind  forces. 

Z7^  Tension. — Axial   tension    on    net    section 16,000 

^,  Compression. — ^Axial  compression  on  gross  section 16,000  —  yO'l/r 

where  "/"  is  the  length  of  member  in  inches  and  "r"  is  the  least  radius  of 

gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times 

its  least  radius  of  gyration  for  main  members  or  120  times  for  laterals  for 

classes  A,  B,  C,  Ei,  E»  and  Eg ;  or  125  times  its  least  radius  of  gyration  for  main 

members  or  150  times  for  laterals  for  classes  Di  and  Da. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sec- 

tions and  girders ;  net  section 16,000 

on  extreme  fibers  of  pins 24,000 

40.  Shearing. — Shearing :  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs ;  gross  section  10,000 

41.  Bearing. — Bearing :  shop  driven  rivets  and  pins 24,000 

field  driven  rivets  and  turned  bolts 20,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers ;  per  linear  inch 600  d 

where  "  d  '*  is  the  diameter  of  the  roller  in  inches. 

42.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension 
and  compression  shall  be  proportioned  for  the  stresses  giving  the  largest  section. 
If  the  alternate  stresses  occur  in  succession  during  the  passage  of  one  train, 
as  in  stiff  counters,  each  stress  shall  be  increased  by  50  per  cent  of  the  smaller. 
The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  of  the  stresses. 

{Alternate  Allowable  Stresses. — Sections  36a  to  42a,  inclusive,  may  be  sub- 
stituted for  sections  36  to  42,  inclusive. 

36a.  Tensile  Stresses. — ^All  parts  of  the  structure  shall  be  proportioned  in 
tension  by  the  following  allowed  unit  stresses  in  lbs.  per  sq.  in. : 
Floorbeam  hangers  and  other  similar  members  liable  to  sudden  loading, 

net  section  8,000 

Longitudinal,  lateral  and  sway  bracing,  for  wind  and  live  load  stresses..     18,000 

Solid  rolled  beams,  used  as  cross  floorbeams  and  stringers 13,000 

Bottom  flanges  of  riveted  girders,  net  section 13,000 

Bottom  chords,  main  diagonals,  counters  and  long  verticals,  12,500   (for  live 

loads),  25,000  (for  dead  loads). 

For  swing  bridges  and  other  movable  structures,  the  dead  load  unit  stresses, 
during  motion,  must  not  exceed  three-fourths  of  the  above  allowed  unit  stresses 
for  dead  load  on  stationary  structures. 

37a.  Compresssive  Stresses. — Compression  members  shall  be  proportioned 

by  the  following  allowed  unit  stresses : 
Chord  Segments 

P  =  12,000  —  S^-l/r  for  live  load  stresses 
P  =  24,000  —  iTo  "•  for  dead  load  stresses 
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All  posts  of  through  bridges 

P=  10,000  —  45-l/r  for  live  load  stresses 
P  =  20,000  —  go-l/r  for  dead  load  stresses 

All  posts  of  deck  bridges  and  trestles 

P  =  11,000  —  40'l/r  for  live  load  stresses 
P  =  22,000  —  SO'J/r  for  dead  load  stresses 

End-posts  are  not  to  be  considered  chord  segments. 
Lateral  struts  and  rigid  bracing 

P  =  13,000  —  60 -l/r  for  wind  stresses; 

for  live  load  stresses  use  two-thirds  of  the  above. 

P  =  the  allowed  stress  in  compression  per  square  inch  of  cross-section,  in 
pounds;  /  =  the  length  of  compression  member,  in  inches,  c.  to  c,  of  connec- 
tions; r  =  the  lea,st  radius  of  gyration  of  the  section,  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times 
its  least  radius  of  gyration  for  main  members  or  120  times  for  laterals  for 
classes  A,  B,  C,  Ei,  E*  and  Ea ;  or  125  times  its  least  radius  of  gyration  for  main 
members,  or  150  times  for  laterals  for  classes  Di  and  Da. 

38a.  Bearing  S^esses. — Bearing  on  granite  masonry  and  Portland  cement 
concrete,  600  lbs.  per  sq.  in. ;  bearing  on  sandstone  and  limestone,  400  lbs.  per 
sq.  in.;  bearing  on  rollers  =  400  lbs.  per  lineal  inch,  where  d  is  the  diameter  of 
the  roller  in  inches. 

39a.  Bearing  and  Shear  on  Rivets. — The  rivets  in  all  members,  other  than 
those  of  the  floor  and  lateral  systems,  shall  be  so  spaced  that  the  shearing  stress 
per  square  inch  shall  not  exceed  10,000  pounds  per  square  inch,  nor  tbe  pressure 
on  the  bearing  surface  (diameter  X  thickness  of  the  piece)  of  the  rivet  hole 
exceed  18,000  pounds  per  square  inch. 

The  rivets  in  all  members  of  the  floor  system,  including  all  hanger  connec- 
tions, shall  be  so  spaced  that  the  shearing  stresses  and  the  bearing  pressures 
shall  not  exceed  80  per  cent  of  the  above  limits. 

The  rivets  in  the  lateral  systems  will  be  allowed  40  per  cent  increase  on  the 
above  limits. 

In  the  case  of  field  riveting  and  in  the  case  of  bolts  the  above  allowed 
stresses  will  be  reduced  one-third. 

Rivets  and  bolts  shall  not  be  used  in  direct  tension. 

40a.  Bearing,  Shear,  and  Bending  on  Pins. — Pins  shall  be  proportioned  so 
that  the  shearing  stress  shall  not  exceed  10,000  pounds  per  square  inch ;  nor  the 
pressure  on  the  bearing  surface  of  any  member  (other  than  forged  eye-bars, 
§  76)  connected  to  the  pin  be  greater  than  18,000  pounds  per  square  inch ;  nor 
the  bending  stress  exceed  20,000  pounds  per  square  inch,  when  the  applied  forces 
are  considered  as  acting  at  the  centers  of  the  bearing  of  each  member. 

41a.  Calculation  of  Areas. — The  areas  obtained  by  dividing  the  live  load 

stresses  by  the  live  load  unit  stresses  shall  be  added  to  the  areas  obtained  by 

dividing  the  dead  load  stresses  by  the  dead  load  unit  stresses  to  determine  the 
sectional  area  of  the  member. 
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42a.  Alternate  Stresses. — All  members  and  their  connections  subject  to 
alternate  tensile  and  compressive  stresses  shall  be  proportioned  to  resist  each 
kind  of  stress.  Both  of  the  stresses  shall,  however,  be  considered  as  increased 
by  A  of  the  least  of  the  two  stresses  for  determining  the  sectional  areas  by 
means  of  the  above  allowable  unit  stresses.) 

43.  Angles  Fastened  by  Both  Legs. — Angles  subject  to  direct  tension  must 
be  connected  by  both  legs,  or  the  section  of  one  leg  only  will  be  considered  as 
effective. 

44.  Net  Section. — In  members  subject  to  tensile  stresses  full  allowance  shall 
be  made  for  reduction  of  section  by  rivet-holes,  screw-threads,  etc. 

45.  Long  Span  Bridges.— For  long  span  bridges,  where  the  ratio  of  the 
length  to  width  of  span  is  such  that  it  makes  the  top  chords  acting  as  a  whole, 
a  longer  column  than  the  segments  of  the  chords,  the  chord  shall  be  propor- 
tioned for  the  greater  length. 

46.  Wind  Stresses. — The  stresses  in  truss  members  or  trestle  posts  from 
assumed  wind  forces  need  not  be  considered  except  as  follows : 

1.  When  the  wind  stresses  per  square  inch  in  any  member  exceeds  25  per 
cent  of  the  stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section 
shall  then  be  increased  until  the  total  unit  stress  shall  not  exceed  by  more  than 
25  per  cent  the  maximum  allowable  stress  for  dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  combination  with  a  possible  tempera- 
ture stress  can  neutralize  or  reverse  the  stresses  in  the  member. 

47.  Combined  Stresses. — Members  subjected  to  direct  and  bending  stresses 
shall  be  designed  so  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable 
unit  stress  on  the  member. 

48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due 
to  weight  and  eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allow- 
able unit  stress  on  the  member  such  excess  must  be  considered  in  proportioning 
the  member. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed 
so  that  an  increase  of  the  live  load  will  not  increase  the  stress  in  the  counters 
more  than  25  per  cent. 

50.  Design  of  Plate  Girders.— In  designing  plate  girders  the  flanges  shall 
be  assumed  to  take  all  the  bending  moment  and  the  web  shall  be  assumed  to 
take  all  the  shear. 

The  distance  between  centers  of  gravity  of  flanges  shall  be  considered  as 
the  effective  depth. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  flanges 
shall  have  the  same  gross  section  as  the  tension  flanges. 

51.  Web  Plates. — The  webs  of  plate  girders  must  be  stiffened  at  intervals, 
not  exceeding  the  depth  of  the  girder  or  a  maximum  of  5  feet,  wherever  the 
shearing  stress  per  square  inch  exceeds  the  stress  allowed  by  the  following 

formula : 

Allowed  shearing  stress  =  12,500  —  goH, 
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where  //  =  ratio  of  depth  of  web  to  its  thickness;  but  no  web-plates  shall  be 
less  than  ^  of  an  inch  in  thickness. 

52.  Stiffeners. — ^AIl  stilTeners  must  be  capable  of  carrying  the  maximum 
vertical  shear  without  exceeding  the  allowed  unit  stress. 

P=  12,000  — S5-//r 

Each  stiff ener  must  connect  to  the  webs  by  enough  rivets  to  transfer  the  maxi- 
mum shear  to  or  from  the  webs. 

53.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the 
web  with  a  sufficient  number  of  rivets  to  transfer  the  total  shear  at  any  point 
in  a  distance  equal  to  the  effective  depth  of  the  girder  at  that  point  combined 
with  any  load  that  is  applied  directly  on  the  flange.  The  wheel  loads,  where  the 
ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  ties. 

54.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than 
one-tenth  of  the  span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall 
preferably  have  a  depth  of  not  less  than  one-twelfth  of  the  span.  If  shallower 
trusses,  girders  or  beams  are  used,  the  section  shall  be  increased  so  that  the 
maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded. 

55.  Rolled  Beams. — Rolled  beams  shall  be  designed  by  using  their  moments 
of  inertia. 

PART  IV.    DETAILS  OF  DESIGN. 

General  Requirements. 

56.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be 
accessible  for  inspection,  cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall 
have  drain  holes,  or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the 
neutral  axis  will  be  as  nearly  as  practicable  in  the  center  of  section,  and  the 
neutral  axes  of  intersecting  main  members  of  trusses  shall  meet  at  a  common 
point. 

59.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal 
of  stress  shall  preferably  have  riveted  connections  to  the  chords.  Adjustable 
counters  shall  have  open  turnbuckles. 

60.  Strength  of  Connections. — The  strength  of  connections  shall  be  suffi- 
cient to  develop  the  full  strength  of  the  member,  even  though  the  computed 
stress  is  less,  the  kind  of  stressto  which  the  member  is  subjected  being  considered. 

61.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  A  in. 
in  classes  A,  B,  C,  Ei,  Ea  and  Et,  except  for  fillers ;  and  i  in.  in  classes  Di  and 
D»,  except  for  fillers.  The  minimum  angle  shall  be  2"  X  2"  X  i"-  The  minimum 
rod  shall  have  an  area  of  at  least  i  sq.  in.,  in  all  classes  except  Di  and  Ds,  which 
shall  have  no  rods  less  than  I  in.  in  diameter. 
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62.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes 
shall  be  three  diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not 
less  than  3  in.  for  3-in.  rivets,  2i  in.  for  l-in.  rivets,  and  2  in.  for  i-in.  rivets. 
The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates  and 
shapes  shall  be  16  times  the  thickness  of  the  thinnest  outside  plate  or  6  in.  For 
angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets 
not  more  than  12  in.  apart  in  either  direction  shall  be  used  to  hold  the  plates 
well  together.  In  tension  members  composed  of  two  angles  in  contact'  a  pitch 
of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

63.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet 
hole  to  a  sheared  edge  shall  be  li  in.  for  J-in.  rivets,  li  in.  for  i-in.  rivets,  and 
li  in.  for  i-in.  rivets;  and  to  a  rolled  edge  li,  li  and  i  in.,  respectively.  The 
maximum  distance  from  aoy  edge  shall  be  eight  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 

64.  Maximum  Diameter. — The  diameter  of  the  rivets  in  any  angle  carrying 
calculated  stress  shall  not  exceed  one-quarter  the  width  of  the  leg  in  which 
they  are  driven.  In  minor  parts  i-in.  rivets  may  be  used  in  3-in.  angles,  i-in. 
rivets  in  2i-in.  angles,  and  i-in.  rivets  in  2-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds 
four  diameters  shall  be  increased  in  number  at  least  one  per  cent  for  each 
additional  A -in.  of  grip. 

66.  Pitch  at  Ends. — The  pitch  of  rivets  at  the  ends  of  built  compression 
members  shall  not  exceed  four  diameters  of  the  rivets,  for  a  length  equal  to 
one  and  one-half  times  the  maximum  width  of  member. 

67.  Compression  Members. — In  compression  members  the  metal  shall  be 
concentrated  as  much  as  possible  in  webs  and  flanges.  The  thickness  of  each 
web  shall  be  not  less  than  one-thirtieth  of  the  distance  between  its  connections 
to  the  flanges.  Cover  plates  shall  have  a  thickness  not  less  than  one-fortieth  of 
the  distance  between  rivet  lines. 

68.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover 
plates  shall  have  a  mimimum  thickness  of  one-twelfth  of  the  width  of  the  out- 
standing leg. 

69.  Batten  Plates. — The  open  sides  of  all  compression  members  shall  be 
stayed  by  batten  plates  at  the  ends  and  diagonal  lattice-work  at  intermediate 
points.  The  batten  plates  must  be  placed  as  near  the  ends  as  practicable,  and 
shall  have  a  length  not  less  than  the  greatest  width  of  the  member  or  li  times 
its  least  width. 

70.  Lattice  Bars. — The  size  and  spacing  of  the  lattice  bars  shall  be  duly 
proportioned  to  the  size  of  the  member.  They  must  not  be  less  in  width  than 
li  inches  for  members  6  inches  in  width,  if  inches  for  members  9  inches  in 
width,  2  inches  for  members  12  inches  in  width,  2k  inches  for  members  15  inches 
in  width,  nor  2i  inches  for  members  18  inches  and  over  in  width.  Single  lattice 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lattice  bars  con- 
nected by  a  rivet  at  the  intersection,  not  less  than  one-sixtieth  of  the  distance 
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between  the  rivets  connecting  them  to  the  members.  They  shall  be  inclined  at 
an  angle  not  less  than  60°  to  the  axis  of  the  member  for  single  latticing,  nor 
less  than  45**  for  double  latticing  with  riveted  intersections. 

71.  Spacing  of  Lattice  Bars. — Lattice  bars  shall  be  so  spaced  that  the  por- 
tion of  the  flange  included  between  their  connection  shall  be  as  strong  as  the 
member  as  a  whole.  The  pitch  of  the  lattice  bars  must  not  exceed  the  width  of 
the  channel  plus  nine  inches. 

72.  Rivets  in  Flanges. — Five-eighths-inch  rivets  shall  be  used  for  latticing 
flanges  less  than  2i  in.  wide;  l-in.  for  flanges  from  2i  to  3i  in.  wide;  J-in. 
rivets  shall  be  used  in  flanges  3}  in.  and  over,  and  lattice  bars  with  two  rivets 
shall  be  used  for  flanges  over  5  in.  wide. 

'jZ'  Faced  Joints. — Abutting  joints  in  compression  members,  when  faced  for 
bearing,  shall  be  spliced  on  four  sides  sufliciently  to  hold  the  connecting  members 
accurately  in  place.  All  other  joints  in  riveted  work,  whether  in  tension  or  com- 
pression, shall  be  fully  spliced. 

74.  Pin  Plates. — Where  necessary,  pin-holes  shall  be  reinforced  by  plates, 
some  of  which  must  be  of  the  full  width  of  the  member,  so  the  allowed  pressure 
on  the  pins  sblill  not  be  exceeded,  and  so  the  stresses  shall  be  properly  dis- 
tributed over  the  full  cross-section  of  the  members.  These  reinforcing  plates 
must  contain  enough  rivets  to  transfer  their  proportion  of  the  bearing  pressure, 
and  at  least  one  plate  on  each  side  shall  extend  not  less  than  6  inches  beyond 
the  edge  of  the  nearest  batten  plate. 

75.  Riveted  Tension  Members. — Riveted  tension  members  shall  have  an 
effective  section  through  the  pin-holes  25  per  cent  in  excess  of  the  net  section 
of  the  member,  and  back  of  the  pin  at  least  75  per  cent  of  the  net  section 
through  the  pin-hole. 

yd.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts 
connected  upon  the  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not 
be  less  than  I  of  the  thickness  of  any  eye-bar  attached  to  it.  They  shall  be 
secured  by  chambered  Lomas  nuts  or  be  provided  with  washers  if  solid  nuts  are 
used.    The  screw  ends  shall  be  long  enough  to  admit  of  burring  the  threads. 

'j'j.  Filling  Rings.— Members  packed  on  pins  shall  be  held  against  lateral 
movement. 

78.  Bolts.— Where  members  are  connected  by  bolts,  the  turned  body  of 
these  bolts  shall  be  long  enough  to  extend  through  the  metal.  A  washer  at  least 
i  in.  thick  shall  be  used  under  the  nut.  Bolts  shall  not  be  used  in  place  of  rivets 
except  by  special  permission.    Heads  and  nuts  shall  be  hexagonal. 

79.  Indirect  Splices.— Where  splice  plates  are  not  in  direct  contact  with  the 
parts  which  they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess 
of  the  number  theoretically  required  to  the  extent  of  one-thira  of  the  number 
for  each  intervening  plate. 

80.  Fillers.- Rivets  carrying  stress  and  passing  through  fillers  shall  be 
increased  50  per  cent  in  number;  and  the  excess  rivets,  when  possible,  shall  be 
outside  of  the  connected  member. 
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8i.  Expansion. — Provision  for  expansion  to  the  extent  of  i  in.  for  each  lO 
ft.  shall  be  made  for  all  bridge  structures.  Efficient  means  shall  be  provided  to 
prevent  excessive  motion  at  any  one  point  (§32). 

82.  Expansion  Bearings.— Spans  of  80  ft  and  over  resting  on  masonry  shall 
have  turned  rollers  or  rockers  at  one  end;  and  those  of  less  length  shall  be 
arranged  to  slide  on  smooth  surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  permit  motion 
in  one  direction  only.    Fixed  bearings  shall  be  firmly  anchored  to  the  masonry 

(§87). 

84.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for 
spans  of  100  feet  and  less,  and  shall  be  increased  i  inch  for  each  100  feet 
additional.  They  shall  be  coupled  together  with  substantial  side  bars,  which 
shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be 
distributed  over  the  entire  bearing. 

86.  Pedestals  and  Bed-Plates.— Pedestals  shall  be  made  of  riveted  plates 
and  angles.  All  bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be 
planed.  The  vertical  webs  must  be  secured  to  the  base  by  angles  having  two 
rows  of  rivets  in  the  vertical  legs.  No  base  plate  or  web  connecting  angle  shall 
be  less  in  thickness  than  i  inch.  The  vertical  webs  shall  be  of  sufficient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads 
over  the  bearings  or  rollers. 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly 
connected  transversely. 

87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be 
fox-bolted  to  the  masonry;  for  trusses,  these  bolts  must  not  be  less  than  li 
inches  diameter;  for  plate  and  other  girders,  not  less  than  i  inch  diameter. 

88.  Wall  Plates. — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so 
designed  as  to  distribute  the  load  uniformly  over  the  entire  bearing.  They  shall 
be  secured  against  displacement. 

89.  Anchorage. — Anchor  bolts  for  viaduct  towers  and  similar  structures 
shall  be  long  enough  to  engage  a  mass  of  masonry  the  weight  of  which  is  at 
least  one  and  one-half  times  the  uplift  (§11). 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall 
have  the  sole  plates  beveled  so  that  the  masonrj'  and  expansion  surfaces  may 
be  level. 

91.  Camber. — Truss  spans  shall  be  given  a  camber  by  making  the  panel 
length  of  the  top  chords,  or  their  horizontal  projections,  longer  than  the  corre- 
sponding panels  of  the  bottom  chord  in  the  proportion  of  A  in.  in  10  ft. 

92.  Eye-bars. — The  eye-bars  composing  a  member  shall  be  so  arranged  that 
adjacent  bars  shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly 
parallel  to  the  axis  of  the  truss  as  possible,  the  maximum  inclination  of  any  bar 
being  limited  to  one  inch  in  16  ft. 
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Material. 

93.  Process   of   Manufacture. — Steel   shall  be   made   by   the   open-hearth 
process. 

94.  Schedule  of  Requirements. — The  chemical  and  physical  properties  shall 
conform  to  the  following  limits : 


Elbments  Considbrbd. 

Structukal  Stebl. 

RiVKT  Stebl. 

Stebl  Castings. 

Phosphorus,  max -J  A*^d^ 

Sulphur,  maximum 

0.04  per  cent. 
0.06    "      '* 
0.05    "      " 

0.04  per  cent. 
0.04    *'      " 
0.04    "      •« 

0.05  per  cent. 
0.08    '*     «* 
0.05    "     " 

>   Ultimate  tensile  strength 
Pounds,  per  square  inch 

Desired 

60,000 

1,500,000  ♦ 

Desired 

50,000 

1,500,000 

Not  less  than 
65,000 

Elong.,  min.  %  in  8'^  Fig.  i...  | 

tt          t(          tt  Q^ff      tt    2 
Character  of  Fracture 

Ult.  tensile  str'gth. 

22 

Silky 

180°  flatf 

Ult.  tensile  str'gth. 

Silky 
180O  flat  t 

15  per  cent. 
f  Silky  or  fine 
\      granular 

90^</  — 3/. 

Cold  Bends  without  Fracture 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the 
test  reports. 

95.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000 
lbs.  from  that  desired,  a  retest  shall  be  made  on  the  same  gage,  which,  to  be 
acceptable,  shall  be  within  5,000  lbs.  of  the  desired  ultimate. 

96.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of 
carbon,  phosphorus,  sulphur  and  manganese  shall  be  made  by  the  manufacturer 
from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each  melt  of  steel,  and  a 
correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
Check  analyses  shall  be  made  from  finished  material,  if  called  for  by  the  pur- 
chaser, in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

97.  Form  of  Specimens.  Plates,  Shapes  and  Bars. — Specimens  for  tensile 
and  bending  tests  for  plates,  shapes  and  bars  shall  be  made  by  cutting  coupons 
from  the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges 
milled  to  the  form  shown  by  Fig.  i ;  or  with  both  edges  parallel ;  or  they  may 
be  turned  to  a  diameter  of  J  in.  for  a  length  of  at  least  9  in.,  with  enlarged  ends. 

98.  Rivets. — Rivet  rods  shall  be  tested  as  rolled. 

99.  Pins  and  Rollers. — Specimens  shall  be  cut  from  the  finished  rolled  or 
forged  bar,  in  such  manner  that  the  center  of  the  specimen  shall  be  one  inch 
from  the  surface  of  the  bar.    The  specimen  for  tensile  test  shall  be  turned  to 

*  See  paragraph  103. 

t  See  paragraphs  104,  105,  and  106. 

tSee  paragraph  107. 


524 


GENERAL  SPECIFICATIONS  FOR   STEEL   HIGHWAY   BRIDGES, 


the  form  shown  by  Fig.  2.    The  specimen  for  bending  test  shall  be  one  inch 
by  one-half  inch  in  section. 

100.  Steel  Castings. — The  number  of  tests  will  depend  on  the  character  and 
importance  of  the  castings.  Specimens  shall  be  cut  cold  from  coupons  molded 
and  cast  on  some  portion  of  one  or  more  castings  from  each  melt  or  from  the 


^*<»«3*'  ^  P«ralWI  Section 


\*<^  i      Not  IcM  than  o"    »*, 

?  1 1  •  •  •  f  •  V 


K— ••— ~ — ^^— • -About  18  — — — — 

FlO.    I 


Abinita* 


Fio.  2. 

sink  heads,  if  the  heads  are  of  sufficient  size.  The  coupon  or  sink  head,  so  used, 
shall  be'  annealed  with  the  casting  before  it  is  cut  off.  Test  specimens  to  be  of 
the  form  prescribed  for  pins  and  rollers. 

loi.  Annealed  Specimens, — Material  which  is  to  be  used  without  annealing: 
or  further  treatment  shall  be  tested  in  the  condition  in  which  it  comes  from  the 
rolls.  When  material  is  to  be  annealed,  or  otherwise  treated  before  use,  the 
specimens  for  tensile  tests  representing  such  material  shall  be  cut  from  properly 
annealed  or  similarly  treated  short  lengths  of  the  full  section  of  the  bar. 

102.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be 
made  from  each  melt  of  steel  as  rolled.  In  case  steel  differing  i  in.  and  more 
in  thickness  is  rolled  from  one  melt,  a  test  shall  be  made  from  the  thickest  and 
thinnest  material  rolled. 

103.  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more 
than  i  in.  in  thickness  the  following  modifications  will  be  allowed  in  the  require- 
ments for  elongation : 

(a)  For  each  ^  in.  in  thickness  below  A  in.,  a  deduction  of  2i  will  be 
allowed  from  the  specified  percentage. 

(b)  For  each  i  in.  in  thickness  above  I  in.,  a  deduction  of  i  will  be  allowed 
from  the  specified  percentage. 

104.  Bending  Tests.— Bending  tests  may  be  made  by  pressure  or  by  blows. 
Plates,  shapes  and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in 
paragraph  94. 

105.  Thick  Material.— Full-sized  material  for  eye-bars  and  other  steel  one 
inch  thick  and  over,  tested  as  rolled,  shall  bend  cold  180  degrees  around  a  pin, 
the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  bar,  witliout  fracture 
on  the  outside  of  bend. 
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io6.  Bending  Angles. — Angles  I  in.  and  less  in  thickness  shall  open  flat, 
and  angles  i  in.  and  less  in  thickness  shall  bend  shut,  cold,  under  blows  of  a 
hammer,  without  sign  of  fracture.  This  test  will  be  made  only  when  required 
by  the  inspector. 

107.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the 
same  diameter  as  the  rivet  rod,  shall  give  a  gradual  break  and  a  fine,  silky 
uniform  fracture. 

108.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws, 
cracks,  defective  edges  or  other  defects,  and  have  a  smooth,  uniform  and  work- 
manlike finish.    Plates  36  in.  in  width  and  under  shall  have  rolled  edges. 

109.  Stamping. — Every  flnished  piece  of  steel  shall  have  the  melt  number 
and  the  name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins 
and  rollers  shall  be  stamped  on  the  end.  Rivet  and  lattice  steel  and  other  small 
parts  may  be  bundled  with  the  above  marks  on  an  attached  metal  tag. 

no.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at 
the  mills,  and  its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or 
other  imperfections,  or  is  found  to  have  injurious  defects,  will  be  rejected  at  the 
shop  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

111.  Allowable  Variation  in  Weight. — A  variation  in  cross-section  or 
weight  of  each  piece  of  steel  of  more  than  2I  per  cent  from  that  specified  will 
be  sufficient  cause  for  rejection,  except  in  case  of  sheared  plates,  which  will  be 
covered  by  the  following  permissible  variations,  which  are  to  apply  to  single 
plates  : 

112.  When  Ordered  to  Weight. — Plates  i2i  lbs.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide  2i  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 

113.  Plates  under  I2i  lbs.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2i  per  cent  above  or  below. 

(b)  Seventy-five  inches  and  up  to  100  in.  wide,  5  per  cent  above  or  3  per 
cent  below. 

(c)  One  hundred  inches  wide  and  over,  10  per  cent  above  or  3  per  cent 
below. 

114.  Plates  will  be  accepted  if  they  measure  not  more  than  0.01  in.  below 
the  ordered  thickness. 

TABLE    I. 


Thickness 
Ordbkbd. 


^  inch 


^ 


Over  ^ 


Nominal 
Wbights 


10.20  lbs. 

12.75    " 

15.30 

17.85 
20.40 

22.95 
25.50 


It 
It 

t€ 
ft 


Width  of  Plate. 


Up  to  75" 


10  per  cent. 
8 

7 
6 

5 

4H 
4 
3}4 


tt 
tt 
it 
tt 
It 
tt 
tt 


75"  and  up  to 

JOG 


14     per  cent. 
12 
10 
8 

7 

6 

5 


loo''  and  up  to 
XX5" 


18  per  cent. 
16 

13 
10 

8 
6K 


tt 
tt 
tt 
tt 
tt 
tt 
tt 


Over  115" 


1 7  per  cent. 

13       " 
12 

II 

10 

9 
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tt 
tt 

it 


526  GENERAL   SPECIFICATIONS   FOR   STEEL   HIGHWAY  BRIDGES. 

115.  When  Ordered  to  Gage. — An  excess  over  the  nominal  weight,  corre- 
sponding to  the  dimensions  on  the  order,  will  be  allowed  for  each  plate,  if  not 
more  than  that  shown  in  Table  i,  one  cu.  in.  of  rolled  steel  being  assumed 
to  weigh  0.2S33  lb. : 

116.  Cast  Iron. — Except  where  chilled  iron  is  specified,  castings  shall  be 
made  of  tough  gray  iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  be 
true  to  pattern,  out  of  wind  and  free  from  flaws  and  excessive  shrinkage.  If 
tests  are  demanded,  they  shall  be  made  on  the  "  Arbitration  Bar "  of  the 
American  Society  for  Testing  Materials,  which  is  a  round  bar  ik  in.  diameter 
and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of 
12  in.  with  load  at  middle.  The  minimum  breaking  load  so  applied  shall  be 
2,900  lbs.,  with  a  deflection  of  at  least  1^  in.  before  rupture. 

117.  Wrought  Iron  Bars. — Wrought  iron  shall  be  double-rolled,  tough* 
fibrous  and  uniform  in  character.  It  shall  be  thoroughly  welded  in  rolling  and 
be  free  from  surface  defects.  When  tested  in  specimens  of  the  form  of  Fig. 
I,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show  an  ultimate  strength 
of  at  least  50,000  lbs.  per  sq.  in.,  an  elongation  of  at  least  18  per  cent  in  8  in., 
with  fracture  wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber,  through 
135  degrees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which  is 
not  over  twice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the 
fracture  shall  show  at  least  90  per  cent  fibrous. 

118.  Timber. — The  timber  shall  be  strictly  first-class  spruce,  white  pine, 
Douglas  fir,  Southern  yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and 
out  of  wind,  full  size,  free  from  wind  shakes,  large  or  loose  knots,  decayed  or 
sapwood,  wormholes  or  other  defects  impairing  its  strength  or  durability. 

Workmanship. 

119.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance 
with  approved  drawings.  The  workmanship  and  finish  shall  be  equal  to  the 
best  practice  in  modern  bridge  works. 

120.  Straightening  Material.— Material  shall  be  thoroughly  straightened  in 
the  shop,  by  methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in 
any  way. 

121.  Finish. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions 
of  the  work  exposed  to  view  neatly  finished. 

122.  Size  of  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be 
understood  to  mean  the  actual  size  of  the  cold  rivet  before  heating. 

123.  Rivet  Holes. — When  general  reaming  is  not  required  the  diameter  of 
the  punch  shall  not  be  more  than  ^  in.  greater  than  the  diameter  of  the  rivet ; 
nor  the  diameter  of  the  die  more  than  i  in.  greater  than  the  diameter  of  the 
punch.  Material  more  than  i  in.  thick  shall  be  sub-punched  and  reamed  or 
drilled  from  the  solid. 

124.  Punching.— All  punching  shall  be  accurately  done.  Drifting  to  enlarge 
unfair  holes  will  not  be  allowed.  If  the  holes  must  be  enlarged  to  admit  the 
rivet,  they  shall  be  reamed.     Poor  matching  of  holes  will  be  cause  for  rejection. 
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125.  Sub-punching  and  Reaming. — Where  reaming  is  required,  the  punch 
used  shall  have  a  diameter  not  less  than  A  in.  smaller  than  the  nominal  diameter 
of  the  rivet.  Holes  shall  then  be  reamed  to  a  diameter  not  more  than  ^  in. 
larger  than  the  nominal  diameter  of  the  rivet.  All  reaming  small  be  done  with 
twist  drills.    (§  140.) 

126.  Reaming  After  Assembling. — When  general  reaming  is  required  it 
shall  be  done  after  the  pieces  forming  one  built  member  are  assembled  and 
firmly  bolted  together.  If  necessary  to  take  the  pieces  apart  for  shipping  and 
handling,  the  respective  pieces  reamed  together  shall  be  so  marked  that  they 
may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  interchange 
of  reamed  parts  will  be  allowed. 

127.  Edge  Planing. — Sheared  edges  or  ends  shall,  when  required,  be  planed 
at  least  i  in. 

128.  Burrs. — The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — ^Riveted  members  shall  have  all  parts  well  pinned  up  and 
firmly  drawn  together  with  bolts,  before  riveting  is  commenced.  Contact  sur- 
faces to  be  painted. 

130.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends,  unless 
otherwise  called  for. 

131.  Web  Stififeners. — Stiffeners  shall  fit  neatly  between  flanges  of  girders. 
Where  tight  fits  are  called  for,  the  ends  of  the  stiff eners  shall  be  faced  and  shall 
be  brought  to  a  true  contact  bearing  with  the  flange  angles. 

132.  Splice  Plates  and  Fillers. — ^Web  splice  plates  and  fillers  under  stiffeners 
shall  be  cut  to  fit  within  i  in.  of  flange  angles. 

133.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall 
be  flush  with  the  backs  of  angles  or  project  above  the  same  not  more  than  h  in., 
unless  otherwise  called  for.  When  web  plates  are  spliced,  not  more  than  i  in. 
clearance  between  ends  of  plates  will  be  allowed. 

134.  Connection  Angles. — Connection  angles  for  floorbeams  and  stringers 
shall  be  flush  with  each  other  and  correct  as  to  position  and  length  of  girder. 
In  case  milling  (of  all  such  angles)  is  needed  or  is  required  after  riveting,  the 
removal  of  more  than  in  in.  from  their  thickness  will  be  cause  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible. 
Pneumatic  hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Riveting. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved 
shape,  full  and  of  equal  size.  They  shall  be  central  on  shank  and  grip  the 
assembled  pieces  firmly.  Recupping  and  calking  will  not  be  allowed.  Loose, 
burned  or  otherwise  defective  rivets  shall  be  cut  out  and  replaced.  In  cutting 
out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If  neces- 
sary, they  shall  be  drilled  out. 

137.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  trans- 
mit shear,  the  holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving 
fit.    A  washer  not  less  than  i  in.  thick  shall  be  used  under  nut. 
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138.  Members  to  be  Straight. — The  several  pieces  forming  one  built  mem- 
ber shall  be  straight  and  fit  closely  together,  and  finished  members  shall  be  free 
from  twists,  bends  or  open  joints. 

139.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dressed  true  and 
straight  and  fitted  close  together,  especially  where  open  to  view.  In  compression 
joints,  depending  on  contact  bearing,  the  surfaces  shall  be  truly  faced,  so  as  to 
have  even  bearings  after  they  are  riveted  up  complete  and  when  perfectly  aligned. 

140.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall 
be  sub-punched  and  reamed  according  to  paragraph  125,  to  a  steel  templet  one 
inch  thick.  (If  required,  all  other  field  connections,  except  those  for  laterals 
and  sway  bracing,  shall  be  assembled  in  the  shop  and  the  unfair  holes  reamed; 
and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being  taken  apart.) 

141.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free 
from  twists,  folds  in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be 
made  by  upsetting,  rolling  or  forging.  Welding  will  not  be  allowed.  The  form 
of  heads  will  be  determined  by  the  dies  in  use  at  the  works  where  the  eye-bars  ' 
are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall  guarantee 
the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head 
and  neck  shall  not  vary  more  than  ^  in.  from  that  specified. 

142.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  shall  be  properly 
annealed  and  carefully  straightened.  Pin-holes  shall  be  in  the  center  line  of 
bars  and  in  the  center  of  heads.  Bars  of  the  same  length  shall  be  bored  so 
accurately  that,  when  placed  together,  pins  ^  in.  smaller  in  diameter  than  the 
pin-holes  can  be  passed  through  the.  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and 
straight;  at  right  angles  to  the  axis  of  the  member  and  parallel  to  each  other, 
unless  otherwise  called  for.  The  boring  shall  be  done  after  the  member  is 
riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes 
shall  be  correct  within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  ^ 
in.  larger  than  that  of  the  pin,  for  pins  up  to  5-in.  diameter,  and  A  in.  for 
larger  pins. 

145.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages 
and  shall  be  straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and 
shall  be  U.  S.  standard,  except  above  the  diameter  of  i|  in.,  when  they  shall  be 
made  with  six  threads  per  inch. 

147.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially 
heated,  shall  be  properly  annealed. 

148.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  be  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth. 
Cast  wall  plates  shall  be  planed  top  and  bottom.  The  cut  of  the  planing  tool 
shall  correspond  with  tbe  direction  of  expansion.  r 
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151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of 
pin,  in  such  numbers  as  may  be  ordered. 

152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per 
cent  plus  ten  rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall 
be  boxed  or  crated. 

154.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in 
plain  figures. 

155.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale 
weight.  No  allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as 
computed  from  the  plans  will  be  allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly 
cleaned  and  given  one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  be 
called  for,  well  worked  into  all  joints  and  open  spaces. 

157.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact 
shall  each  be  painted  before  being  riveted  together. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for 
painting  after  erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts 
and  chords,  etc.,  shall  have  a  good  coat  of  paint  before  leaving  the  shop. 

159.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface 
of  the  metal  is  perfectly  dry.  It  shall  not  be  done  in  wet  or  freezing  weather, 
unless  protected  under  cover. 

160.  Machine-finished  Surfaces. — Machine-finished  surfaces  shall  be  coated 
with  white  lead  and  tallow  before  shipment  or  before  being  put  out  into  the 
open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  Facilities  for  Shop  Inspection. — The  manufacturer  shall  furnish  all 
facilities  for  inspecting  and  testing  the  weight  and  quality  of  workmanship  at  the 
shop  where  material  is  manufactured.  He  shall  furnish  a  suitable  testing  ma- 
chine for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — The  purchaser  shall  be  notified  well  in 
advance  of  the  start  of  the  work  in  the  shop,  in  order  that  he  may  have  an 
inspector  on  hand  to  inspect  material  and  workmanship. 

163.  Copies  of  Mill  Orders. — The  purchaser  shall  be  furnished  complete 
copies  of  mill  orders,  and  no  material  shall  be  rolled,  nor  work  done,  before  the 
purchaser  has  been  notified  where  the  orders  have  been  placed,  so  that  he  may 
arrange  for  the  inspection. 

164.  Facilities  for  Mill  Inspection. — The  manufacturer  shall  furnish  all 
facilities  for  inspecting  and  testing  the  weight  and  quality  of  all  material  at  the 
mill  where  it  is  manufactured.  He  shall  furnish  a  suitable  testing  machine  for 
testing  the  specimens,  as  well  as  prepare  the  pieces  for  the  machine,  free  of  cost. 
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165.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to 
inspect  material  at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts 
of  mills  where  material  to  be  inspected  by  him  is  being  manufactured. 

166.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he 
shall  have  full  access,  at  all  times,  to  all  parts  of  the  shop  where  material  under 
his  inspection  is  being  manufactured. 

167.  Accepting  Material  or  Work. — The  inspector  shall  stamp  each  piece 
accepted  with  a  private  mark.  Any  piece  not  so  marked  may  be  rejected  at 
any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through  an  oversight 
or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to 
the  speciiications,  this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

168.  Shop  Plans. — The  purchaser  shall  be  furnished  complete  shop  plans 
(§  13). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  fur- 
nished to  the  purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — Full-sized  tests  on  eye-bars  and  similar 
members,  to  prove  the  workmanship,  shall  be  made  at  the  manufacturer's 
expense,  and  shall  be  paid  for  by  the  purchaser  at  contract  price,  if  the  tests  arc 
satisfactory.  If  the  tests  are  not  satisfactory,  the  members  represented  by  them 
will  be  rejected. 

171.  Eye-bar  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  the  elonga- 
tion in  10  ft.,  including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the 
ultimate  strength  and  true  elastic  limit  shall  be  recorded.     (§141.) 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified, 
furnish  all  staging  and  falsework,  erect  and  adjust  all  metal  work,  and  shall 
frame  and  put  in  place  all  floor  timbers,  guard  timbers,  trestle  timbers,  etc.,  com- 
plete ready  for  traffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attach- 
ing the  steel  work  to  the  masonry.  He  shall  drill  all  the  necessary  holes  in  the 
masonry,  and  set  all  bolts  with  neat  Portland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad 
station,  the  unloading  of  the  materials  and  their  proper  care  until  the  erection  is 
completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to 
be  carefully  taken  down  and  removed  by  the  contractor  to  some  place  where 
the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  trafiic, 
interfere  with  the  work  of  other  contractors,  or  close  any  thoroughfare  on  land 
or  water. 
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177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  per- 
sons and  properties  prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions 
or  unsightly  material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned 
of  mud,  grease  or  other  material,  then  thoroughly  and  evenly  painted  with  two 
coats  of  paint  of  the  kind  specified  by  the  engineer,  mixed  with  linseed  oil.  All 
recesses  which  may  retain  water,  or  through  which  water  can  enter,  must  be 
filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors, 
and  one  coat  must  be  allowed  to  dry  thoroughly  before  the  second  coat  is 
applied.    No  painting  shall  be  done  in  wet  or  freezing  weather. 
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Tubular  Piers 417 

Cotter  Pins 267,  268 

Counters  4/1 

Corrugated  Steel  Floor 275 

Couple  50 

Culverts,  Cast  Iron  Pipe 381 

Concrete  385 

Costs  of 385,  z^y 

Design  of   375 

Pipe 377,  380 

Reinforced  Concrete 383,  385 

Shop  Cost  of  Steel  Plate 417 

Steel  Plate  Pipe 387 

Timber   379 

Types  of   379 

Curbs 35 

Crestings    285 

Dead  Load  35,  36,  37 

Deck  Baltimore  Truss   166 

Howe  Truss  399 

Plate  Girder  222 

Pratt  Truss 4 

Defects  of  Structural  Timber 390 

Definitions  of  Masonry  Terms...  310 
Deflection    of    Trusses,    Calcula- 
tion  of    I33»  13s 

Depth  of  Concrete  below  Bars...  359 

Low  Truss  Spans  211 

Plate  Girders,  Economic 230 

Trusses,  Economic  220 

Design  of  Abutments 292 

Arches 35i 

Beams  77 

Culverts   375 

Highway  Bridges   191 

Lacing  Bars   251 

Masonry  Bridges 351 

Piers   295 

Timber  Trestles   389 

Truss  Members  233 

Details  of  Bridges,  Per  Cent  of..  407 
Highway    Bridges,    Comparison 

of   448 

Highway  Bridge  Members 269 

Diagram,   Influence    96 

Moment    106 

Shear  69 

Stresses  in  Bars  due  to  Weight.  130 

Diagonal  Tension  in  Concrete 359 

Dimensions  of  Channels «...  258 

I-Beams    259 

Drafting,  Cost  of  412 

Drainage 35 

Eccentric  Riveted  Connection 132 

Eccentric  Stresses, 

124,  127,  457,  459,  462,  464,  465 
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Economic  Bridge   427 

Depth  of  Plate  Girders   230 

Depth  of  Truss    220 

Panel  Length  ,  220 

Edge  Distance  of  Rivets  499 

Efficiencies     of     Members    of     a 

Steel  Highway  Bridge 451 

Electric  Railway  Bridges,  Classifi- 
cation of   36 

Clearance  36 

Dead  Load  36 

Floor  Systems   36 

Headroom    36 

Live  Loads   40 

Spacing  of  Trusses   36 

Weight  of 32,  33 

Wind  Loads  for 43 

End-posts   456 

Engineering    News    Pile    Drivifig 

Formula  298 

Equilibrium   47 

Equilibrium  of  Concurrent  Forces    49 

Non-concurrent  Forces 56 

Equilibrium  Polygon 57,  62 

Equivalent  Uniform  Loads 42,  93 

Erection  of  Combination  Bridges.  419 

Falsework    403 

Petit  Truss  Bridge   403 

Piers,  Steel  Tubular   33',  4i8 

Steel  Highway  Bridge 403 

Traveler  404 

Tubular  Piers  331,  4i8 

Estimate,  Accuracy  of   408 

Estimate    of    Cost    of    Highway 

Bridge 409,  4^4,  449 

Drafting   412 

Erection   418 

Fabrication    4^2 

Material   410 

Mill   Details    413 

Shop  Labor 415 

Estimate  of  Lumber  409 

Estimate    of     Weight     of     Steel 

Highway  Bridge  405,  4o8,  439 

Eye-bars,  Adj  ustable   243 

American  Bridge  Co 240 

King  Bridge  Co 242 

Cost  of  415 

Fabrication    of    Structural    Steel, 

Cost  of    412 

Falsework  for  Highway  Bridge..  403 

Cost  of    4^8 

Fence    283 

Flanges  of  Plate  Girders 225,  226 

Flange  Splices  229 

Flexure  and  Direct  Stress  in  Con- 
crete    362 

Flexure    in    Reinforced    Concrete 
Beams   353 
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Floors,  Bridge  271 

"Buckeye"  Steel   277 

Buckle  Plate 273 

Corrugated   Steel    275 

"Multiplex"  Steel  277 

Plank    271 

Reinforced  Concrete   272 

Timber   37 

Floorbeams   34,  269,  502 

Cost   of    416 

Weight  of 21,  24 

Floorbeam  Reaction,  Maximum...  loi 
Floor      Systems      for      Highway 

Bridges  34 

Railway  Bridges  37 

Footwalk  Planks  35 

Force  Polygon  49 

Force  Triangle 46 

Forces,  Equilibrium  of — see  Equi- 
librium. 

Forces,  Representation  of 45 

Forms,  Cost  of  423 

Foundations,  Bearing  on  . . ; 293 

Preparing  the    297 

Gillette-Herzog   Mfg.   Co.   Stand- 
ard Highway  Bridges 16 

Girts 392 

Graphic    Method    of    Calculating 

Stresses  in  Pins   123 

Graphic  Moments  60,  66,  89 

Graphic     Moments,     Stresses     in 

Warren  Truss  by  176 

Graphic  Resolution  53,  85 

Graphic  Resolution,  Stresses  in  a 

Baltimore  Truss  by 150 

Stresses  in  a  Camel-back  Truss 

by  148 

Stresses  in  a  Howe  Truss  by..  146 

Stresses  in  a  Petit  Truss  by 152 

Stresses  in  Pratt  Truss  by 144 

Stresses  in  a  Portal  by 184 

Stresses     in     a     Quadrangular 

Truss  by   154 

Stresses  in  a  Transverse  Bent  by  188 

Stresses  in  Trestle  Bent  by 186 

Stresses  in  a  Warren  Truss  by, 

142,  178 
Graphic    Solution   of   Stresses   in 

Portals    116 

of    Stresses    in    a    Two-hinged 

Arch 339 

Guard  Rails 37 

Guard  Timbers   36 

Hauling,  Cost  of 418 

Headroom    36 

High   Truss   Highway  Bridges...  212 
Highway  Bridges,  Cost  of 

405,  409,  449 
Details  of 448 


Pace 

Erection  of    403 

Estimate  of  Cost 405,  409,  449 

Estimate  of  Weight 405,  439 

Highway  Bridges,  Floors  for 271 

Loads  for  37,  39,  42,  79 

Highway  Plate  Girder  Bridge. . .  224 
Highway  Bridge  Standards,  Amer- 
ican Bridge  Co 23 

Boston  Bridge  Works 18 

Gillette-Herzog   Mfg.    Co '16 

Hip  Vertical  472 

Howe  Truss  Bridge 7,  397 

Howe  Trusses,  Stresses  in 146,  164 

Shop  Cost  of  Metal  in 417 

Horizontal    Shearing    Stresses    in 

Concrete  357 

Hub  Guards   283 

I-BeamSj  Dimensions  of   259 

Initial  Stresses   11 1 

Impact  Formulas    234 

Impact  Stresses 233 

Influence  Diagrams   90 

Intermediate   Posts    453 

Joists    34,  500 

King  Post  Bridge,  Timber 397 

Lacing  Bars  249,  252,  500 

Lateral  Bracing,  Weight  of 22,  26 

Connections  285 

Pins 267,  268 

Systems 502 

Stresses  in  109 

Weight  of  26 

Launhardt  Formula  234 

Leg  Bridges 5,  197 

Length  of  Low  Truss  Spans 210 

Lettings,  Bridge   430 

Live  Loads,  Concentrated  41 

Electric  Railway  Bridges,  for..    40 

Equivalent  Uniform  42,  9C 

Highway  Bridges,  for  37,  39 

Railway  Bridges,  for 41 

Loads  for  Bridges   15,  36 

Highway  Bridges 37,  39,  42,  79 

Maximum  Stress 80 

Railway  Bridges   37 

Loads,  Partial  Uniform  71 

Snow  45 

Wind   109 

Lomas  Nuts   265 

Longitudinal  X  Braces  392 

Loop-bars  244 

Low  Truss  Bridges  198 

Depth  of   211 

Pin-connected  208 

Riveted   199 

Spans,  Length  of  210 

Lumber,  Estimate  of   409 

Weight  of  447 

Luten  Arch  Bridge   373 
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Main  Ties  470 

Masonry  Abutments,  Cost  of  ....  421 

Arches,  Stresses  in  333 

Specifications   309,  314 

Terms,  Definitions  of  310 

Weight  of 293 

Maximum  Floorbeam  Reaction ...  loi 

Moment  in  Beam  or  Truss 96 

Shear  in  Beam  98 

Shear  in  Truss   99 

Stresses  in  Bridge  with  Inclined 

Chords    103 

Metal,  Thickness  of   240 

Mill  Details,  Cost  of 413 

Modulus  of  Elasticity  of  Concrete  352 

Moments 55 

Algebraic  62,  87 

in  Beams  61,  68,  170 

Diagrams   106 

Graphic 60,  66,  89 

in  rlate  Girders 225 

in  Truss  or  Beam,  Maximum ...     96 

Moving  Loads    72,  74 

Names  of  Timber  392 

Net  Areas  264 

Non-concurrent    Forces,    Equilib- 
rium of   56 

Nuts,  Lomas    265 

Pilot 268 

Oblong  Steel  Piers 324 

Osbom      En^neering      Company 

Specifications    239 

Quadrangular  Warren  Truss 7,  8 

Stresses  in  154,  168 

Weights  of  ci5 

Painting,  Cost  of  420 

Paint  Required,  Amount  of 420 

Panel  Length,  Economic 220 

Pedestals,  also  see  Shoes 280,  508 

Per  cent  of,  in  Bridge 407 

Weight   of    22 

Pennsylvania     R.     R.     Standard 

Trestles 397 

Petit  Truss  Bridge 8,  10,  217 

Erection  of  403 

Stresses  in   152,  180 

Weight  of    18,  28 

Piers    295 

Cooper's  Standards   303 

Cost  of  Masonry   421 

Cost  of  Reinforced  Concrete..  422 

Erection  of  Steel  Tubular 331 

Schneider's  Standards  307 

Steel  Tubular 322,  329 

Piles,  Steel   321 

Timber    393 

Pile  Driving  Formula  298 

Pile  Trestles,  Details  for 394 

Piling    298 


Page 

Specifications  for   393 

Pilot  Nuts  268 

Pilot  Points  268 

Pins,  Bearing  on  12^ 

Bending  Moments  in 260 

Chord  Pins 265,  267 

Lateral  Pins    267,  268 

Per  cent  •  of    407 

Shear  in    124 

Shop  Cost  of  410 

Stresses  in  121,  473 

Pin-connected  Bridges,  Cost  of  ..  416 

Highway  Bridges  216 

Low  Truss  Bridges  208 

vs.  Riveted  Bridges  429 

Pipe  Culverts    377,  380 

Cast  Iron  381 

Clay  380 

Reinforced  Concrete   383 

Steel  Plate   381 

Timber    378 

Pitch  of  Rivets  499 

Plank  Floors   271 

Plans  for  Bridge,  Preliminary 430 

Plate  Girder  Bridges 10,  11,222 

Camber  of 233 

Economic  Depth  230 

Flanges  of    225 

Flange    Splice    229 

Highway 224 

Moments  in    225 

Rivets  in  Flanges  of  226 

Shear  in    225 

Shop  Cost  of  417 

Thickness  of  Web  224 

Web  Splice  228 

Weight  of  29,  31,  32 

Polygon,  Equilibrium   57 

Portals 112,  277,  506 

Stresses  in  113,  117,  184 

Posts  392 

Shop  Cost  of  416 

Pratt  Truss  Bridge  2,  3,  4,  5 

Riveted 212,  215 

Stresses  in 83,  144,  162,  182 

Weight  of 17,  18,  19,  26 

Railway  Bridge,  Loads 37,  41,  42 

Deck  Plate  Girder  222 

Floor  Systems  for  37 

Guard  Rails   .^,7 

Through  Plate  Girder 223 

Stresses  in    92 

Weight  of  Steel  in 33 

Railway  Steel  Trestle 11,  12 

Ratio  of  Reinforcement  to  Work- 
ing Stresses  in  Concrete  357 

Reactions  of  Beams  67,  68 

Reinforced  Concrete  Abutments..  303 
Cost  of  423 
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Arch  Bridge   368,  370 

Beams,  Flexure  in   355 

Beam  Bridges  360 

Beams  with   double  Reinforce- 
ment   361 

Bridge  Floors 272 

Columns  364 

Culverts  383,  385 

Cost  of 387 

Diagonal  Tension  in  359 

Flexure  and  Direct  Stress 302 

Plain  or  Deformed  Bars 365 

T-Bcams 360 

Theory  of  351 

Reinforcement,  Methods  of 365 

Representation  of  Forces 46 

Resolution    47 

Algebraic   79 

Graphic   53»  8S 

of  Shear 105 

Rib  Shortening,  Stresses  due  to..  349 

Rivets   201 

American  Bridge  Co.  Standards  254 

Bearing  on 470 

Conventional  signs  for 255 

in  Flanges  of  Plate  Girders 226 

Percentage  of  Heads  in  Bridge  407 

Shear  on  492 

Spacing  of   499 

Stress  on,  Allowable  262 

Riveted  Bridge  214 

Shop  Cost  of 417,  424 

Riveted  Connections,  Eccentric...  132 

Riveted  Low  Truss  Bridge 199 

Pratt  Highway 6,  212,  215 

Quadrangular  Warren  Bridge. .      o 

Riveted  Tension  Members 246 

Riveted  vs.  Pin-connected  Bridges  4.^ 

Rollers 508 

Stresses  in 62 

Weight  of 22 

Roof  Trusses,  Stresses  in 62 

Sand,  Amount  for  i  cu.  yd.  Con- 
crete   422 

Specifications  for   318 

Sash  Braces   392 

Schneider's  Abutments   301 

Piers   307 

Specifications  36,  40,  43,  23(5 

Shear  in  Beam  68,  70,  98 

in  Concrete   352,  357 

Increments  8$ 

in  Pins 124,  476 

in  Plate  Girders 225 

Polygon    89 

Resolution  of  10$ 

on  Rivets 492 

in  Truss,  Maximum 99 

Shoes,  also  see  Pedestal 280 
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Weight  of  22 

Shop  Drawings,  Estimate  from. .  406 

Labor,  Cost  of  415 

Short  Span  Highway  Bridges....  193 
Shrinkage  Stresses  m  Concrete..  359 

Sidewalk  Brackets,  Weight  of 21 

Signs  for  Rivets,  Conventional...  255 

Sills  392 

Skew  Bridges  2,  36 

Sleeve  Nuts  245,  247 

Snow  Loads  45 

Solid  Floor  35 

Spacing  of  Bars  in  Concrete 359 

Rivets   499 

Stringers    36 

Trusses   34,  36 

Spans,  Length  of  Low  Truss....  210 
Specifications,  Standard — see  each 
particular  name. 

Concrete  318 

Iron  Details  for  Trestles 394 

Masonry  309 

Piling 393 

Stone  Masonry   314 

Steel 236,  394.  S09 

Timber   391 

Tubular  Piers 329 

Stability  of  Abutments 292 

Standards,       Highway       Bridge, 

American  Bridge  Co 

Boston  Bridge  Works 

Gillette-Herzog  Mfg.  Co 16 

Steel  Arch  Bridges 12 

Bents  321 

Concrete  Viaduct  367 

Piers   321 

Piles 321 

Plate  Pipe  Culvert 381 

Specifications  for 236,  394,  509 

Tubular  Piers  322,  331 

Stone  Masonry,  Specifications  for.  314 

Strength  of  Masonry  293 

Stress  in  Bar  due  to  Weight.  126,  129 

Kinds  of   95 

Sheet  for  Bridge  452 

Tension  and  Cross-bending 129 

Wind   128 

Stresses  by  Algebraic  Moments..    97 
in  Arch  without  Hinges.... 3^,  343 

Baltimore  Truss 150,  106,  172 

Beams  67 

Bridge  with  Inclined  Chords..  103 

Bridge  Trusses  64 

Camel-back  Truss 148,  174 

Stresses,  Centrifugal  235 

Combined 124 

Compression  and  Cross-bending  125 

in  Concrete  Beams  3S9,  361 

Concrete  Columns   364 
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Culverts  377,  378 

Stresses,  Eccentric  . .  124,  127,  132,  458 

by  Graphic  Moments 89 

in  Highway  Bridges 79 

Howe  Trusses 146,  164 

Impact 233 

Initial iii 

in  Lateral  Systems 109 

Petit  Truss 152,  180 

Pins 121,  473 

Stresses  in  Portal  iij},  184 

Pratt  Truss 83,  144,  i&,  182 

Quadrangular  Warren  Truss, 

154.  168 

Railway  Bridges  92 

Reinforced    Concrete    Beams — 

see  Reinforced  Concrete. 
Rivets — see  rivets. 
Rollers — see  rollers. 

Roof  Truss  62 

Stresses,  Temperature 235 

Timber   39a 

Transverse  Bent  188 

Trestle  Bent  186 

Two-hinged  Arch  333 

Warren  Truss 

82,  142,  156,  I58»  160,  176,  178 

Whipple  Truss 170 

Stringers 34,  391 

Spacing  of 36 

Struts   392 

Suspension   Bridge   13,  14 

Sway  Bracing .279,  392,  507 

Swing  Bridge  11,  12 

Temperature   Stresses    210,  235 

Temperature  Stresses  in  Arch. 340,  348 

in  Concrete  359 

Tensile  Strength  of  Concrete.  .352,  359 

Tension  and  Cross-bending 129 

Tension  Members   240,  466 

Lower  Chords   466 

Riveted 2a6 

T-Beams,  Stresses  in  Concrete. . .  300 

Ties 36 

Ties,  Main   470 

Thickness  of  Metal  240 

Three-hinged  Arch,  Portal  as  a. . .  117 

Through  Plate  Girder 223 

Timber    298 

Allowable  Stresses  in  394 

Culverts   379 

Defects  of 390 

Howe  Truss  Bridge  397 

King  Post  Bridge   397 

Timber,  Names  of  Structural ....  392 

Specifications  for  39i 

Trestles 389 

Timbers,  Guard  3^ 

Top  Chords 461 
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Transportation 418 

Transverse  Bent,  Stresses  in 188 

Traveler  for  Erecting  Bridge 404 

Triangle,  Force  47 

Trestle  Bent,  Stresses  in  a 186 

Trestles,  Pennsylvania  Standard . .  397 

Railway   11,  12 

Timber   389 

Trusses,  Camber  in 139 

Deflection  of 133 

Maximum  Shear  in 99 

Spacing  of  34.  3S 

Tubular  Piers,  Steel  :  322 

Cost  of  Erecting 418 

,    Specifications  for  329 

Shop  cost  of 417 

Turnbuckles  245,  247 

Types  of  Bridges i,  5,  191 

Culverts   379 

Two-hinged  Arch    333 

Uniform  live  Loads,  Equivalent.    42 

Upsets    244,2^5 

Viaduct,  Steel  Concrete  367 

Vertical  Shear  in  Concrete 357 

Vertical  Posts   453 

Vitrified  Qay  Pipe  Culverts 380 

Waddell's  Loadings  for  Highway 

Bridges  39 

Warren  Truss  Bridge,  2, 3,  5,  6,  7,  8,  55, 
82,  102,  142,  ISO,  158,  160,  176,  170 

Weight  of 16,  19,  2t 

Washers,  Cast  260 

Cost  291 

Waterway,  Size  of 376 

Web  Plates,  Thickness  of 224 

Splice 228 

Weight  of  Angles   256 

I-Beams    250 

Bridges 1 5.  23,  29,  30 

with  Sidewalks 10 

Channels 258 

Combination  Bridges  401 

Electric  Railway  Bridges 32,  33 

Estimates  of,  Bridge 405,  439 

Floorbeams 21,  24 

Lateral  Systems  22,  24 

Lumber  447 

Masonry  293 

Petit  Truss  Bridges  18,  28 

Plate  Girders 29,  31,  32 

Pratt  Truss  Bridges, 

17,  18,  19,  20,  26 

Railway  Bridges 33 

Riveted  Bridge   17 

Sidewalk  Brackets  21 

Shoes  and  Rollers  22 

Trusses  20 

Warren  Truss  Bridges 16,  19,  23 

Weight,  Stress  due  to  126 
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Weyrauch's  Formula  234 

Wheel  Concentrations  92 

Wheel  Guards   34 

Whipple  Truss  Bridge 7,  170 

Wind  Loads  109 

Wind  Loads  for  Electric  Railway 
Bridges  43 
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Highway  Bridges 42 

Railway  Bridges  44 

Wind  Stress  i 128 

Wind  Stresses 452-460 

in  a  Transverse  Bent i» 

Trestle  Bent i...  186 

Wooden  Floor .'. 37 


I 


f. 

I' 


